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Method 


for dewatering 
combined undigested 
sewage sludges 


DIRECT DEWATERING 
of 
UNDIGESTED 
SEWAGE SLUDGES 
by 
VACUUM FILTERS 
CAN SUPPLANT 
DIGESTERS 


and 





VACUUM SLUDGE FILTERS AT HAGERSTOWN, MD. 


SAND DRYING BEDS Activated Sludge Treatment Works; Designed by Fuller & McClintock, 


Consulting Engineers 
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THIS PLANT IS THE FIRST TO PRODUCE A STABLE FILTER CAKE FROM 
ACTIVATED SLUDGE 


SOME ADVANTAGES 


® Installation Is Compact and Requires But a Fraction of the Area Occupied by Older Methods. 
* Sludge Solids Collected in the Plant May Be Disposed of the Same Day—AND Independent of Weather Conditions. 
* Operating Costs Are Practical When Compared with Older Methods. 


* Installation Cost May Be Less Than for Digester Tanks and Drying Beds. 
* Alkaline Sludge Cake Is Inodorous and May Be Safely Disposed of as Fertilizer on Land Without Nuisance. 
* The Special String Discharge of the Filter Cake Minimizes Carbonation of Filter Cloths When Handling Limed Sludges. 


MUNICIPAL SANITARY SERVICE CORP. 


155 EAST 44TH STREET NEW YORK CITY 
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L. H. ENSLOW, Editor 


LEADING ARTICLES 
To Appear in the Next 
and Subsequent Issues: 


w. W. Brush, Chief Engineer, Depart- 
ment of Water Supply, New York City, 
will describe the work done by his De- 
partment in “Reconditioning Large 
Water Mains,’’ which involves cleaning 
and application of protective coatings 
to old mains to restore their carrying 
capacities and extend their life. 





E. E. Jacobson, Chief Engineer and 
Clark Cramer, Station Engineer, Lex- 
ington (Ky.) Water Company, in an 
article of unusual interest—‘‘Water 
Works Kinks’’—gives numerous practical 
operating ‘‘kinks’’ in purification, pump- 
ing and distribution practices which 
every water works man will be interest- 
ed in and find useful. Martin E. Flentje, 
Chief Chemist of Community Water Ser- 
vice Company contributed several of the 
“kinks” included in the article. 

N. T. Veatch, Jr., Consulting Engineer, 
Kansas City, Mo., will discuss values to 
be recovered from “The Utilization of 
Sewage”’ and the by-products of sewage 
treatment. The most recent develop- 
ment is the plant designed in Mr. 
Veatch’s office for Herington, Kansas, 
the financing being based on income 
from the sale of effluent for industrial 
usage by a railroad. 








Alexander Potter, Consulting Engineer, 
New York City reports the result of a 
study of the ‘Co-efficient of Friction of 
a Cast Iron Sewer After 30 Years Serv- 
ice’? which gives a picture of the con- 
dition of the structure and its carrying 
capacity after that length of service. 


Richard H. Ellis, Water Commission and By A 
Superintendent of Water Works, New- ’ : 
ton, Mass., will describe what is _ be- 
lieved to be the most modernized and 
efficient meter shop arrangement and 
meter repair and maintenance practice 
in the East. His article will be of par- 
ticular interest to Superintendents. 





Floyd A. Hoffman, Superintendent Water 
Works and Sewerage, Morristown, N. J., 
will describe an ingenious scheme of au- 
tomatically controlling the sludge blan- 
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tinue his series of articles dealing with 
“Hydraulics’’—which are designed for 
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Tyrone, Pa. original plant, 
producing Nuchar for many 
years, for purification of 
| a ge required to meet the demands of the Pure 
ood and Drugs laws, U.S.P., etc. Mr. John 

Hassler in the upper left has been Superintendent 
since its inception. Lower left Mr. Henry Laughlin, 
water service man. Lower right, Dr. W. A. elsh 
in charge of research, 















Piedmont, W. Va. plant where we make 
several hundred thousand pounds of Aqua 
Nuchar monthly. T.W. Strohm, Supt. 


Covington, Va. new plant. 
D. S. Troubs, Supt. 


Research Laboratory 


















HE 1930-31 drought laid em. 

phasis on the taste and odor 
bogey, which had disturbed the 
minds of water works operators 
for years. 


What a difference in three short 
years. The bogey has definitely 
and finally been laid, and is abso- 
lutely under control. No water 
operator today need lose any 
sleep, worrying about bad tasting 
or odoriferous water. What is the 
answer ? 





In entering the water field, 
NUCHAR started with a record 
of 16 years accomplishment in 
many other fields, as a medium 
for removal of objectionable tastes 
and odors from such products as 
edible oils, and fats, pharmaceu- 
ticals, drugs, cosmetics, sugars, 
syrups, etc. 


This remedy for taste and 
odor control is always avail- 
able. Be sure to specify AQUA 
NUCHAR, the standard acti- 
vated carbon for water treatment. 
NUCHAR is positive in action 
and calls for no change in plant 
design or operation. When you 
have trouble, you naturally want 
the best remedy. NUCHAR isa 
product you can always rely on. 
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The pictures show you 
the organization and facil- 
ities back of the product— 
AQUA NUCHAR. They 
represent resources avail- 
able to maintain and ad- 
vance quality standards, fur- 
nish practical co-operation in 
the field, and a sureness of 
supply with three producing 
plants. 

Warehouse stocks maintained 
throughout the country, offer a 
service adequate to meet all 
emergencies—an important fea- 
ture where epidemic conditions 
a liable to occur, and frequently 
0. 

The men pictured here will be 
glad to meet and greet you at the 
annual convention of the Ameri- 
ean Water Works Association in 
New York, June 4th to 8th inclu- 
sive. When you see a face that 
looks even remotely like the pic- 
tures, stop that man and make 
yourself known. Feel assured he 
wishes to meet you and help you 
enjoy the Convention and get the sk, T; Cirino 
greatest benefit from your con- rere 
tacts there. 


INDUSTRIAL CHEMICAL SALES Co., INC. 


230 PARK AVE., NEW YORK 205 W. WACKER DR., CHICAGO 
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Richard Statham 
Technical Sales Staff 











J. J. Butler, Jr. 
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27 Q years old—and still 
































HE oldest cast iron water mains in the world, 
by authenticated records, supply the town and 
the parks of Versailles, France. They were installed 
in 1664 by order of Louis XIV and are still func- 
tioning after 270 years of continuous service. The 
first photographs of these oldest existing cast iron 
mains in service underground were recently made 
for The Cast Iron Pipe Research Association, one 
of which is reproduced above without retouching. 
The insert photograph shows a section of the pipe 
in which is cast the initials of the “Sun King”— 
Louis of France. 
Cast iron mains still in use after serving 100 
to 200 years, and longer, have been recently 
uncovered and inspected in England, France, 


Methods of evaluating bids now in use by engineers 
rate the life of cast iron pipe at 100 years minimum 


in service 


Below is shown a section of the world’s 
oldest cast iron water main at Versailles, 
France, bearing the initials of the great 
*Sun King” —Louis of France. At left is 
shown section of main in underground 
gallery (object at top is part of pho- 
tographer’s lighting equipment). 


Germany and the United States. Taxpayers have 
saved and are saving enormous sums in taxes or 
rates by reason of the long life and low main- 
tenance cost of cast iron underground mains. 

The reason for the long life of cast iron pipe 
is its effective resistance to rust. Cast iron is the 
one ferrous metal for water and gas mains, and 
for sewer construction, that will not disintegrate 
from rust. This characteristic makes cast iron 
pipe the most practicable for underground mains 
since rust will not destroy it. 

For further information, address The Cast Iron 
Pipe Research Association, Thomas F. Wolfe, 
Research Engineer, 309 Peoples Gas Building, 
Chicago, Illinois. 





CAST IRON PIPE 


Look for this 
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Ferric Chloride Permobond 
Tank and Pipe Lining 


11 years’ service in Milwaukee, Indianapolis and Chicago 


proven its superiority. It has been 


Sewage Disposal Plants 


subjected to longer service than any 
















other rubber lining. 


“U.S.” Ferric Chloride Permo- 
bond can be applied to wood or 


THE comparatively recent 
adoption of Ferric Chlo- 
ride as a sewage coagu- 
lant presented a corrosive 


metal...tanks, pipe and fittings. 
problem which could best “U. S.” Engineers will welcome 


be solved with rubber the opportunity to cooperate with 
e . 


you in solving your Ferric Chlo- 


More than five years ago ride problems. A phone call or 


“U.S.” Rubber Engineers 
were called upon to de- 


letter will bring a representative 
without obligation. 


velop an efficient, econom- 
ical anti-corrodent. 


They answered the call 
with “U. S.” Ferric Chlo- 
ride Permobond lining. 


The Sewage Depart- 
ment of the City of Mil- 


Reate Siiee mae got iping 

at the Stickney plant o icago 

waukee was first to order Sanitary District are lined with U.S. 
Ferric Chloride Permobond. 


Ferric Chloride storage 


k a “tha d fi : li d : h hi cpae a2pee gallon ee Ap my yf me om a. the Eiiwenine fevepe 
isposal Plant, measure eet in diameter by eet, 6 inches in height. 
maxs, pe ping an tings, ined wit this new Both are lined with “U. S.” Ferric Chloride Permobond. 





“U. S.” development. The city of Indianapolis 


followed suit one year later, and two years ago HE United States Rubber Company is the 
the Chicago Sewage Commission installed “U.S.” World’s Largest Producer of mechanical rubber 
. : . : ds... makes the Most Complete Line... . main- 

F £00 
meric Chigghtty Painanneene at Se Sineyeay yom. tains the Greatest Research Laboratories... and 


offers to industry a Technical Engineering Service 


With this total of 11 years of service “U. S. of the Broadest Experience: 








Ferric Chloride Permobond has conclusively 


United States Rubber Company 


1790 BROADWAY NEW YORK CITY 
BRANCHES IN ALL INDUSTRIAL CENTERS 


Do you mention WATER WorRKS AND SEWERAGE? Please do. 
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THE 
ROYER 


TURN YOUR 
SLUDGE INTO}, 
PROFITS. 
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: Ferric Chloride Treatment.—From August, 1932, 
to January, 1933, a small sewage treatment plant was 
operated by the Great Western Electro-Chemical Co. 
| at Palo Alto, Cal.,with the object of determining the 
effect of the use of ferric chloride in coagulation and 
the practicability of the Stevenson process of regen- 
erating a spent coagulant through the use of chlorine 
In regard to the latter point, it was found that, as . 
regeneration of the coagulant continued, a point fin- all 
ally was reached when the floc would not settle out. Fu 
Furthermore, the chlorine demand of the spent coag- ut 
ulant increased with each successive regeneration. Th 
| The regeneration feature has since been abandoned an 
in favor of return of sludge and fresh additions of fe 
ferric chloride. 
Regarding the use of ferric chloride, however, H 
H. O. Banks has come to the conclusion that a sus- pend . 
pended-solids removal of 85-90 per cent anda B.O.D Th r 
reduction of 80-85 per cent can be attained, and that — e ROYER SLUDGE DISINTEGRA- 
the cost of the process would be much less than for TOR will allow you to do j 
any other treatment process in use today which gives o é just that. Many 
comparable results. perators are finding a ready market for 
a for fertilizer. — Grand Rapids 
ich.,* ’ 
Great Western ch.,* and Dayton Ohio, sell their entire 
rigidly to th engineers have always adhered output—and, at a profit. Their major diffi 
igidly t ' ae . * 
a 7 nt oes that the method of using a Bear culty is in meeting the demand 
and product should go hand i 
sale of the product he In piagten: ear = ee shreds moist sludge cake into 
. nitation fie small particles by ad : 
Grea : ? mane y adaptation of a proven 
a . a engineers produced the first elec- disintegrating mechanism Sludge Pa pes 
tic Cc : é ’ - 
ie * orine on the Pacific Coast; they intro- oughly aerated. When desirable, fortifying 
. ’ 
= chloramine treatment of water supplies materials may be added. Perfect mix and 
a ° ° r 
nd sewage wastes on the Coast, using Bear shredding assured a ; 
Chlorine and A ; q & ran t a single operation 
mmonia; and they devel 
oped the Several ti 
ferric chlorid models and capacit 
rid . bs pacities to meet 
€ treatment of water supplies and conditions. yous 
sewage wastes. 
Manufactured b 
. ‘ y 
Their ee for consultation on water purifica- 
tion and s { : 
ewage disposal problems are available ar ROYER F OUNDRY 
without charge. "4 " ‘ 
G ‘ <i Kingston Station 
reat Western Electro-Chemical Co WILKES BARRE, PA. 
9 MAIN STREET, SAN FRANCISCO P 
Write for details 
Plant: — 
sisitiaas eine 4151 Bandini Blvd. C. G. WIGLEY, Sole Rep 
» Cali . 
. Los Angeles 3108 Atlantic Ave 
° Atlantic City, N. J. 
*See July 1933 Issue WATER W 
PA Ape not ATER WORKS & SEWERAGE, 
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CHEMICALS for 
MUNICIPAL PURPOSES 


Anhydrous Ammonia 
Ferric Chloride ¢ Caustic Soda 
Sodium Aluminate e Chloride of Lime 
Alum * Penchlor 4 Chlorine 
(high-test Calcium Hypochlorite) 














Means Greater Safety for 


Municipal and Private Pools 


OU can easily ure PERCHLORON in any pool... 
regardless of size. Furthermore, this new, highly con- 
centrated powder tests over 70% AVAILABLE 
CHLORINE. That’s why thousands of pools... big ones 
and little ones ... are using PERCHLORON. 
The stability of PERCHLORON is unquestioned. You 
always get a uniform solution. It is easy to use ... requires 
no costly, technical supervision and comes conveniently 





he 








packed one dozen cans to the case. 


Write now and get 
information 











EXECUTIVE OFFICES, WIDENER BLDG., PHILADELPHIA, PA. 
Branch Sales Offices: New York—Chicago—St. Louis— Pittsburgh—Tacoma—Wyandotte 











Branch Sales Offices: New York — Chicago — St. Louis — Pittsburgh — Tacoma — Wyandotte. 
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FILTRATION EQUIPMENT CORPORATION 


LAUGHLIN 
CLARIFYING TANK 


For the Better Removal of 
Suspended Solids from Sew- 
age and Industrial Wastes 


Y, 











—Permits of usual sedimentation and thick- 
ening operations within a tank; at high 
capacity for a given tank size. 


—Removes solids by positive filtration. 


—Filter bed embraces entire circumference 
of tank, extending inwardly five feet or 
more. 


—Operated with a traveling magnet which 
cleans the filter bed as necessary. 


—Tanks of round or rectangular type for 
any capacity. 


—Low power and low operating cost. 


FILTRATION EQUIPMENT 
CORPORATION 


350 MADISON AVE. NEW YORK 








( 
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*Master Operating Table, Lancaster, Pa., Filtration Plant 
The Chester Engineers, Designers, Pittsburgh, Pa. 
American Water Softener Company, Contractors, Philadelphia 


Abreast With Engineering Progress 
at Lancaster 


Lancaster, Pa., has just placed its new filtration plant in oper- 
ation and is working on its new sewage disposal plant. Both 
plants are up-to-the-minute in engineering and construction. 


Continually pioneering in the metering and controlling field since 
the invention of the Venturi, it was just natural that Builders 
Iron Foundry Equipment should be selected for these two plants. 





“VENTURI” Registered 


Builders Iron Foundry 


“Builders of the Venturi Since 1891” 


9 Codding Street Providence, R. I. 





*One of the many Venturi Direct-Acting Controllers 
at Lancaster, Pa., Filtration Plant. 
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BIG 


New Bulletin 
tells how... 


In pumps for handling raw 
sewage or unscreened water con- 
taining trash of any sort— 
Fairbanks-Morse announce impor- 
tant improvements in structural features. 
Just as last year, Fairbanks-Morse introduced 
startlingly new features in centrifugals that 
immediately attracted the attention of water 
service engineers everywhere—so now equally 
great and far-reaching improvements are 
made in pumps for sewage service. 


These improvements are both in design and 












FAIRBANKS - MORSE 


methods of manufacture. Preci- 
sion operations, possible only 
where the entire pump from foun- 
dry to completion is under a single 
roof, are responsible largely for 
pumps with inherent efficiency. 
By “inherent” efficiency we mean 
efficiency obtained by accuracy in 
manufacture and not dependent upon filing 
and scraping or other operations to produce 
conditions that are unlikely to remain con- 
stant during the life of the pump. 


Fairbanks, Morse & Co., 900 S. Wabash Ave., 
Chicago, Ill. 32 branches at your service 
throughout the United States. 








When writing to advertisers please mention WATER WORKS AND SEWERAGE—Thank you. 








Impact strength D 





Photos show test to 
measure impact re- 
sistance of Super-de 
Lavaud Pipe while 
under internal hy- 
draulic pressure of 65 
pounds per square 
inch and submitted to 
blows from 50-pound 
hammer. Hundreds of 
such tests over a peri- 
od of more thana 
year demonstrate that 
this new pipe is 
shatter-proofed to the 
extent that impact re- 
sistance has been in- 
creased more than 


100 per cent. 


The greatly increased impact resistance and the non-shattering 
characteristic of our new Super-de Lavaud Cast Iron Pipe are 
the result of a patented improved process of centrifugal cast- 
ing and a patented annealing process. Super-de Lavaud Pipe 
is cast without chill in a metal mold. The process is a basic 
discovery producing a revolutionary metallurgical change. 
The product is tougher; capable of greater deformation with- 
out breakage; does not shatter when tested to destruction by 
hydrostatic pressure. Impact resistance is more than doubled 
giving maximum protection from plant to underground. Send 
for descriptive booklet. 


UNITED STATES PIPE AND FOUNDRY CO., BURLINGTON, N.J. 
Foundries and Sales Offices throughout the United States 


U.S. SUPER-pr LAVAUD PIPE 














Water Works and Sewerage—May, 1934 

















SEWERAGE 








WATER 
WORKS 


AND 






































A GIlteETTE PUBLICATION 


DEWATERING SEWAGE SLUDGE BY 
VACUUM FILTERS AT HAGERSTOWN, MD. 


By WELLINGTON DONALDSON 


Chemical Engineer, Fuller and McClintock, Engineers, 
New York City. 


N May 2, 1933, a re- 

vamped and enlarged 

activated sludge plant 
for treating the sewage of 
Hagerstown, Md., was put 
into service. The treatment 
works,* designed for a future 
population of 40,000 and an 
average sewage flow of 4.0 
m.g.d., have been described 
in another article. This article, 
therefore, deals only with the 
sludge dewatering and han- 
dling problems, which are be- 
lieved to be of particular 
interest on account of the use 
of vacuum filters for dewatering undigested fine screen- 
ings, fresh solids and excess activated sludge. 


The Author 


Early Sludge Facilities 


Hagerstown was one of the pioneers in this country 
with activated sludge treatment of sewage. The original 
plant, the major portion of which is incorporated in the 
modernized works, was constructed in 1924-25, employ- 
ing a novel type of mechanical turbo aerator and means 
for dewatering the undigested sludges on open sand beds 
after heavy treatment with lime. During the eight years 
between the original installation and the modern installa- 
tion of 1933, when the treatment ‘was partly by activation 
and partly by plain sedimentation, the original sludge 
handling facilities were used with but moderate success. 
All sludge from the plant, including undrained fine 





*See Front Cover Illustration. 





screenings, was pumped to an octagonal concrete tank of 
some 1,300 cu. ft. capacity in the Service Building, 
which included facilities for storing and slaking lump 
lime. The lime dose, amounting to about one pound ot 
good quality commercial quicklime per cubic foot of 
sludge was thoroughly mixed by means of a mechanical 
agitator and the mixture allow ed to settle. The super- 
natant liquor was then drawn off by a swiveled decanta- 
tion pipe and discharged to the raw sewage, while the 
thickened limed sludge was discharged by gravity to the 
13 original open sludge beds comprising an area of 
31,500 square feet. The sludge cake when sufficiently 
dry to be handled was removed as shown on Fig. i, 
carted to the fields of the city-owned farm, some 300 
acres in area, on which the disposal plant is located, and 
in due time was plowed in by the tenant farmer. 

These arrangements for handling sludge were reason- 
ably adequate during the early years, but developed 
shortcomings as the connected population and sewage 
quantity increased, particularly during the winter season. 
Due to the high lime causticity, the sludge drying was 
without offense and the pasty sludge cake, 2% to 3 inches 
thick as removed, gave ‘no trouble when spread on the 
fields, although frequently allowed to weather for a con- 
siderable period before being plowed under. 


Experimental Filter Trials 


The local elements entering into the decision to adopt 
vacuum filters for dewatering sludge, in preference to 
available alternates of extending the old liming method 
or installing digestion facilities, need not be discussed 
here. The principal obstacle to vacuum filters was the 
fact that mixtures of such raw sludges, had not been de- 
watered in this specific manner. The use of vacuum 
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filters for activated sludge was then a well-established 
practice but produced an acid cake which had either to 
be artificially dried to stable form for fertilizer use or 
else promptly buried. The possibilities of producing a 
stable alkaline filter cake at that time had not been 
explored, except in the case of solids precipitated by 
heavy lime doses applied to the sewage. 

The Municipal Sanitary Service Corp. at this juncture 
believed that the difficult mixture of screenings, fresh 
solids and activated sludge could be filtered to a stable 
cake by the use of lime and paper pulp and offered to 
erect an experimental plant at Hagerstown to demon- 
strate the point. Such an experimental plant, comprising 
a 4 ft. 8 in. diam. by 4 ft. vacuum filter, with paper 
shredding equipment and other auxiliaries, was operated 
at Hagerstown in January and February of 1932. The 
results although not promising immunity from troubles 
incidental to developing a new process were deemed 
sufficiently gratifying to justify a plant scale installation, 
hence the idea was incorporated in design of the new 
Hagerstown plant. 


Description of Sludge Filter House and Equipment 


In the new plant provision was made to pump all 
sludges to the old lime conditioning tank (hereafter re- 
ferred to as the Gauging Tank) in the Service Building, 
as had been the previous practice. The sludge collected 
in the pit of the Dorr fine screen, having 3/32 inch slots, 
is now separately pumped by non-clogging centrifugal 
pumps to the gauging tank, as before, and sludge from 
the preliminary settling tanks is delivered by other cen- 
trifugal pumps to the gauging tank. Excess activated 
sludge has during short periods been pumped direct from 
the underflow of the final clarifiers to the gauging tank, 
but experience has shown that on account of the high 








Fig. 1—Removing Cake of Lime Treated Sludge from Open 
Sludge Beds (Old Method) 


water content of the sludge, averaging about 0.65 per 
cent dry solids only, it is not advantageous to handle 
the excess activated sludge in this manner. On the con- 
trary it has been customary to “bleed” the activated 
sludge off the return sludge lines and thus discharge 
continuously at a low rate to the inlet end of the pre- 
liminary settling tanks. This method is simple from 


an operating standpoint; it results in a combined sludge 
containing about 3.0 per cent dry solids, but is not with- 
out serious disturbance at times to the aeration step be- 
cause of failure of solids to settle satisfactorily in the 
preliminary tanks. 

The sludge periodically accumulated in the gauging 
tank is carefully measured for volume, then sampled 
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after thorough mixing with a mechanical agitator. The 
quantities of dry solids so determined form the basis for 
the record of dry solids taken out of the plant, rather 
than relying on the computed dry weight of filter cake. 
The reason for this will be obvious later. The mixed 
screenings and sludges, after measurement, are discharged 
by gravity to the new building which houses the condi- 
tioning and filtering equipment. 

The sludge filter building itself is a substantial con- 
crete and brick structure approximately 62 by 34 ft. in 





Fig. 2—Rear View of Sludge Filter House, Showing Truck 
Loaded with Filter Cake on Scale Platform (New Method) 


plan, two stories high, as shown in Fig. 2. The base- 
ment floor contains space for truck parking and for 
receiving the filter cake, a concrete sludge storage tank, 
a concrete pulp storage tank, sludge and pulp pumps, 
filtrate pumps and heating equipment. On the main floor 
are the two vacuum filter units, vacuum pumps, paper 
shredder, paper storage and motors for the vertical shaft 
sludge and pulp pumps and tank stirrers. 

The two vacuum filters are those manufactured by 
Filtration Engineers, Inc. They differ chiefly from 
other well known drum types of filter in omission of 
the compressed air cycle for loosening the filter cake 
and the substitution of a string take-off instead of scrap- 
ers. Filter drums are 8 ft. 6 in. in diameter by 10 ft. 
length and have a net filter area of 260 square feet each, 
or a total of 520 square feet in the installation. 

The face of the filter drums is 12 mesh bronze wire 
for supporting the filter cloths. The filter cloth used 
is a light weight cotton muslin. It is held to the drum 
by wire wrappings at the end and by the endless cotton 
take-off strings spaced at intervals of about % inch. 

The motorized equipment in the Filter Building is 
listed in the following table together with the nominal 
power demand: 

H. P. 
Motor-Drive 
1—Paper Shredder, Jeffrey Mfg. Co., Type B3 20 
2—Vacuum Pumps, Ingersoll-Rand, recipro- 


II oh 4s es aan own oene scent 15 
1—Sludge Pump Domestic 3-inch vertical cen- 
EE Harn rw k Wan 6 oink kn oh eo He a ds 2 
1—Sludge Pump, Domestic 3-inch vertical cen- 
NS CUD og ved cks os cvebucasin’ 5 
2—Filtrate Pumps, LaBour, 1%-inch, each... 3 
2—Agitators for Sludge and Pulp Storage 
Res MD Bnd Win ce piri eg hhocaned 3 
2—Filter Drum Drives, each................ ly 
2—Sludge Mixers for FeCl, and Lime, each.. %4 
1—Dry Feeder for Lime, International...... Y, 
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1—Stirrer for Iron Solution, “Lighting” 

adhel Bek cc Kea he ea Were coh el awe te % 
{—Stirrer for Lime, “Lighting” Model T.... 1/6 
j—Solution Feeder, Omega Precision........ 1/20 


So much for the physical layout. Discussion of oper- 
ation of the sludge filters will now be considered in two 
phases—before and after improvements were made. 


Early Filter Operations 

In the first phase of operations, wherein paper pulp 
was used as a filter aid, the sequence of operation is 
shown by the flow sheet, Fig. 3. The sludge accumu- 
lated in the gauging tank (A), averaging about 3.0 per 
cent dry solids, was dosed with quicklime in amounts 
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Fig. 3—Sludge Flow Sheet, Picturing the Three Stages of 
Sludge Dewatering Developments at Hagerstown, Md. 


sufficient to destroy odors of the sludge and to produce 
a cake which would later be stable and inoffensive on the 
fields. The average lime dose used was 17 pounds of 
commercial quicklime per hundred cubic feet of sludge, 
equivalent to about 9 lbs. of CaO in per hundred pounds 
of dry sewage solids. The sludge just prior to filtration 
had a pH of approximately 11. Smaller lime doses were 
apt to result in odor development in the sludge after 
exposure on the fields. 

The sludge after liming was sometimes allowed to set- 
tle and the supernatant was drawn off and returned to 
the raw sewage, thus reducing the volume of sludge to 
be filtered. At other times the sludge could not be con- 
centrated in this manner and the entire volume was sent 
to the filters, to the open sludge beds or else pumped to 
a lagoon. The sludge to be filtered was discharged by 
gravity from the gauging tank (A) to a sludge storage 
tank (B) of 2,000 cu. ft. capacity in the Filter Building. 
To this sludge was then added the desired volume of 
paper pulp suspension, the mixture was then well stirred 
and pumped to the vacuum filters. 

The city of Hagerstown has no public collection of mu- 
nicipal rubbish and wastes, with the result that paper 
for the pulping operation must be purchased from vari- 
ous private sources. Almost every kind of waste paper 
has been used in pulping operation, newsprint, magazine, 
cartons and cardboard. Wheat straw has been substi- 
tuted for paper stock on occasion, but with no advan- 
tage in economy or ease of handling. In preparation 
for the day’s run of the filters sufficient waste paper was 
fed through the Jeffrey shredder into the pulp tank (C) 
of 1,050 cu. ft. capacity, partly filled by gravity with 
the activated effluent as solution water. By running the 
mechanical agitator in the pulp tank and recirculating the 
sludge with the pulp pump, the paper was reduced to 
the form of pulp containing about 3 per cent solids (by 
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weight) of air-dry paper. The moisture content of the 
paper stock was quite variable and the bulky diversified 
material was not subject to accurate sampling. For that 
reason it has not been practicable to calculate the filter 
yields in terms of sewage solids from the cake taken off. 
However, each truck load of filter cake taken out of the 
building is weighed on the bulk scales, just outside the 
building as shown in Fig. 2, and composite samples are 
taken of the cake as it leaves the filter drum. It is meas- 
ured for thickness and dry solids content is determined 
in the laboratory. 

The above describes the set-up and operating methods 
employed during the first seven months of 1933. The 
results were disappointing in many respects. In the first 
place the yield by the filters averaged only about 65 per 
cent of the expected figure, decreasing materially with 
cold weather. Paper which at first was bought at $4.00 
per ton increased in price to $8.00 per ton. The cake 
moisture was considerably in excess of expectations. The 
filtrate contained undue amounts of solids and was highly 
organic in nature due to prolonged contact of lime with 
the sludge prior to filtration. The “leavings” at the end 
of the filter run were also a source of annoyance. The 
residual sludge in the filter pans, together with the wash- 
ings from hosing down the cloths, filters and floors con- 
stituting about 325 cu. ft. daily were collected in the 
sludge tank (B), and had either to be held for filtration 
the following day or to be pumped with additional lime 
to the sludge beds or lagoon. The paper shredding op- 
eration proved to be a formidable task involving extra 
labor and the entire filtering operation could not be con- 
summated within an eight hour work day as expected. 
Rather than man the filter building for two shifts, the 
filters were called on for only such portion of the daily 
load of sewage solids as could be conveniently handled 
and the balance was sent to the sludge beds and lagoon 
as was formerly done. 

Various attempts were made to assist filtration by con- 
ditioning the sludge with ferric chloride, ferric sulfate, 
ferrous sulfate, chlorinated lime and chlorine, added at 





Fig. 4.—Interior of Sludge Filter Room Showing the Two Tan- 

dem Connected Sludge Mixer and Vacuum Filters. In the Fore- 

ground (Left) Is Motor Drive for Sludge Tank Stirrer, and 
(Right) One of the Vacuum Pumps 


various points in the sludge system, but the large batch 
tanks and lack of facilities for continuous application of 
chemicals resulted in no appreciable gains over paper 
pulp alone. 


Changes in Equipment and Methods of Filtration 


In January, 1934, the Municipal Sanitary Service 
Corp., which installed the filter equipment, made a num- 
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ber of changes in the equipment and thereafter a differ- 
ent procedure was adopted for conditioning the sludge 
prior to filtration. The nature of these changes is best 
seen from the Flow Sheet, Fig. .3, which shows the three 
methods of sludge handling since the works were con- 
structed. 

The most signaficant changes relate to the following 
items : 

1. Omission of lime to the mixed sludges in tank (A), 
this tank being now used only as a receiving and gaug- 
ing tank, the contents of which are discharged by grav- 
ity into tank (B) in the Filter Building. Tank (B) 1s 
only used now as a storage tank for untreated sludge. 





Fig. 5—Chemical Feeding Equipment on Mezzanine Floor in 
Filter Building. Lime Feeder on Left; Iron Solution Tank on 
Right; Irow Solution Feeder in Center 


2. Removal of individual mixers or “repulpers” from 
the filters and substitution of two mixers or flocculators 
operating in series to continuously mix, first, ferric 
chloride then lime with the sludge immediately prior to 
filtration. 

3. Installation of equipment for continuous feeding 
of ferric iron solutions, and lime separately to the sludge 
as pumped through the mixers to the filters. 


4. Regulation of sludge level in filter pans by an 
overflow ahead of the continuous chemical application 
to prevent chemically treated sludge from being recircu- 
lated through tank (B) by the sludge pump. 

5. Discontinuance of paper pulp as a filter aid. The 
equipment for shredding and pulping paper is, however, 
retained. 

6. Pump connections to permit discharge of “leavings” 
to the raw sewage at end of daily filter runs. 

The present set-up is shown by the accompanying 
photographs. Fig. 4 shows the interior of the filter 
room, with the two new sludge mixers. 

Mixers: 

Both mixers are cylindrical steel tanks 3 ft. diam. by 
4 ft. deep with dished bottoms and are thoroughly coated 
with rubber paint inside to protect from acid corrosion. 
They are practically identical except for the regulating 
overflow weir attached to No. 1 mixer (left), referred 
to in the 4th item of the listed changes. Each tank is 
equipped with vertical shaft wooden stirrers driven by 
¥% hp. motor.through reduction gears to give 21 r.p.m. 
travel to the stirring blades. The sludge pumped from 
tank (B) receives a dose of ferric chloride as it enters 
the bottom of No. 1 mixer tangentially, is mixed and 
flows out through a pipe connection near the top. It 
then receives a dose of lime, enters No. 2 mixer tan- 
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gentially at the bottom, and flows out through a top pipe 
connection to either or both of the vacuum filters. Each 
mixer holds about 28 cu. ft. which for average condi- 
tions of filtering (2.0 lbs. dry solids/sq. ft./hr.) repre- 
sents a retention mixing time of about 6 minutes for each 
chemical, with one filter unit in service and about 3 min- 
utes retention with two filter units in service. 
Chemical Feeding: 

Figure 5 shows the equipment for chemical feeding 
as installed on a mezzanine floor in the storage room, at 
sufficient elevation above the main floor to feed chem- 
icals by gravity. This equipment was chosen to allow 
the feeding of any iron salt, whether in powder, lump 
or solution form. A stoneware pot or tank, protected 
on the outside from mechanical injury by vertical wooden 
strips and iron bands, is 5 ft. deep inside and holds about 
300 gallons. It is equipped with an out-board geared 
motor stirrer of double propeller type having a speed 
of 400 r.p.m. A solution of ferric salt of known strength 
is made up in the stoneware tank and fed by means of 
an Omega solution feeder, shown against the wall in 
the background of Fig. 5. This feeder simply lowers 
the hose outlet of the solution tank at a predetermined, 
adjustable rate. Rubber hose and stoneware pipe and fit- 
tings are used to conduct the ferric solution to the inlet 
of No. 1 mixer in the adjoining filter room. 

For feeding lime an International dry feeder is pro- 
vided and is suitable for any kind of pulverized lime, 
either quick or hydrated. The milk of lime is carried 
in an open copper gutter to the inlet of No. 2 mixer in 
the filter room. 


Improved Operation by the Changes 


The new equipment was put into service January 24, 
1934, with immediate improvements in operating re- 
sults. Since that date all of the solids of the plant, ex- 
cept coarse screenings and grease, amounting to approxi- 





Hagerstown Sewage Treatment Works: Laboratory (Left); 
Screening, Blower and Pump House (Right) ; Grease Separation 
Tank (Center Rear of Aeration Units) 


mately 4,000 dry lbs. per day, have been handled very 
comfortably by the vacuum filters on a single shift and 
without the use of paper pulp. The moisture of the filter 
cake (about 82 per cent) is still higher than had been 
expected, but is in line with filter operations elsewhere 
dealing with activated sludge. The cake thickness has 
increased from 1/10 inch to an average'of about ™% inch. 

The continuous conditioning of sludge in two distinct 
stages has not proved to be at all tricky nor does it re- 
quire skilled laboratory control. Frequent inspection of 
the sludge at the tops of the two chemical mixers is 2 
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sufficient guide for adjustment of the chemicals. The 
sludge before treatment has a pH of 6. After mixing 
with ferric chloride it becomes well curdled at a reaction 
of pH 4.2. In the succeeding lime mixer the coagulation 
js more pronounced and the color changes to deep brown 
at pH 11.5. There are no odors connected with the 
filter operation except that of free ammonia. The sludge 
cake has no unpleasant odor, contains about 71 per cent 
yolatile solids and, being highly alkaline, will be entirely 
free from offense when spread on the land, even if left 
to weather. 

The cake is delivered by the filters into a steel bin 
with hand operated gates for discharging the cake into 
the bed of a motor truck on the basement floors. The 
loaded truck is weighed on bulk scales just outside the 
building as shown in Fig. 2 and the sludge is then hauled 
away and spread on the fields of the city-owned farm. 
On the average, nine loads are required daily to take 
care of the solids of the plant. There is no filtering or 
hauling of sludge on Sundays. 


Operating Data 


The pertinent data relating to the operation of the 
sludge filters during the two periods, before the filter 
changes were made and after the changes were made 
are summarized in Table I. 


Costs 


The cost of dewatering undigested sludge by vacuum 
filters is of particular interest in comparison with older 
and better known methods of sludge disposal. The sludge 
filter building with its appurtenances represents an in- 
vestment of approximately $50,000. Of this total $16,000 
represents the building, $29,000 the vacuum filters and 
auxiliary equipment, and the remaining $5,000 miscel- 





TABLE I—COMPARISON OF SLUDGE FILTERING 
OPERATIONS FOR PERIOD JUNE 24, 1933 TO JAN- 
UARY 8, 1934, WHEN PAPER WAS USED WITH 
PERIOD FROM JANUARY 24, 1934, TO MARCH 
31, 1934, WHEN NO PAPER WAS USED 


Before After 
Changes Changes 
28,000 


Estimated connected population.......... 28,000 ' 
Average sewage flow, m.g.d............. 2.50 2.33 
Sewage solids removed, dry Ibs.......... 892,265 220,685 
Sewage solids to beds, dry lbs............ 374,083 3,705 
Sewage solids filtered, dry Ibs........... 518,182 216,980* 
Per cent of sewage solids filtered........ 58 99 
Volume of sludge filtered, cu. ft.......... 295,641 117,312 
Sludge cake produced, wet Ibs........... 3,043,737 1,171,455 
Average per cent dry solids in cake...... 21.7 19.2 
ER ES Ree et py aaa ae 663,087 224,990 
Thickness of cake, inches............... 10 23 
Total filter hours (basis of 1 unit 260 

REN Se Aa a ee 3,098 425 
Average net yield, Ibs./sq. ft./hr........ 65 1.97 
Maximum daily yield, Ibs./sq. ft./hr..... 1.50 3.10 
Minimum daily yield, lbs./sq. ft./hr...... 38 1.50 
Paper used (air weight) Ibs............. 246,480 0 
Paper used, per cent of sewage solids fil- 

DN «<yrdcunsu aves y Beakwenwiedee Sure 47.5 0 
Lime used (CaO basis) Ibs............. 48,800 24,504 
Lime used, per cent of sewage solids fil- 

tered (dry weights) ...........sse000 0 9.4 
Ferric chloride used (anhydrous basis) Ibs. 0 11,550 
Ferric chloride used, per cent “of sewage 

solids (dry weights) ..............05. 0 SS 
Power used in filter building, K.W.H.... 49,920 5,716 
Power used per ton of dry solids, K.W.H. 166 53 
Days filter was operated................ 168 58 


-_— 


. *Includes 8,000 Ibs. of solids conditioned with ferric sulfate 
stead of ferric chloride. 
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laneous piping, sludge and pulp pumps, mixers, electrical 
work, etc. 

The sludge filtering operations are carried out by a 
single operator on the day shift, for 6 days a week. A 
truck driver and helper remove the sludge cake from the 


. Filter Building and distribute on the fields. The latter 


chore requires five to seven hours daily of the two men, 
the balance of their time being given to care of grounds, 
plant maintenance and miscellaneous tasks in connection 
with sewage treatment. 

Electric power is from the municipally operated power 
plant. The sewage disposal plant is billed monthly ac- 
cording to meter readings at the same rates applying to 
commercial power users. The plant rate averages about 
1.34 ct. per K.W.H. Power to the Filter Building is on 
220 volt circuit, separately metered, but lights on the 
general plant circuit are not included. Water used in 
the Filter Building for washing the filter drums and for 
chemical solution feeding is not separately metered, but 














Twin Primary Settlers, Hagerstown Sewage Treatment Works 


the monthly water bill is prorated at 15 ct. per 1,000 
gallons. 

The cotton filter cloths have a useful life of about 100 
hours of operation before becoming so clogged that the 
yield decreases perceptibly. Removal of the cloth from 
the filter drum and soaking in dilute acid seems to prom- 
ise longer usefulness. Replacement with new cloth, pur- 
chased and sewed locally, costs $4.00 each for material 
and $2.00 for labor. 

In presenting below preliminary cost figures of sludge 
filtration, no consideration has been given to the 1933 
operation when paper was used and when there was much 
experimentation and change of method. The figures 
given in Table II for February and March of 1934 are 
offered with some reservations as to their being repre- 





TABLE II—COST OF SLUDGE FILTERING AND DIS- 
POSAL FEBRUARY AND MARCH, 1934 





Cost Per 
Total Cost Ton Dry 
(2 months) Solids Filtered 
SS Peart ae eee $ 174.58 $ 1.81 
fe Be SS a ae ae 525.04 5.44 
Labor for Filter Operation, 
hauling and spreading sludge. . 449.40 4.65 
PEE oe eiraras asic atiae ares a 73.46 76 
Ne SRE ESAT LAE ee an 12.75 13 
Filter cloths and misc........... 78.01 81 
Gasoline and Oil for truck...... 13.56 14 
TOM 4 cic tcone crete eects $1,329.45 $13.74 
Sewage Solids filtered (dry lbs.)............... seve S9BO57 
ee ee | eee en 137.4 


Cost per million gals. of sewage treated............ $9.70 
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sentative of future practice. It is better to consider them 
merely as useful indicators of trends in a new field. 


Summarizing Discussion 


It is evident from Table II that the principal element 
of cost is for chemicals used in conditioning the sludge, 
in this case $7.25 per ton of dry solids filtered. During 
greater part of the period covered, both lime and ferric 
chloride were purchased in less than carload lots. With 
the use stabilized to allow favorable contracts for chem- 
icals, the chemical cost will be materially reduced. 

The ferric chloride first used was in the crystallized 
(lump) form containing 60 per cent (FeCl,). There 
was considerable trouble in weighing and dissolving the 
big chunks and there was some leakage from the wooden 
cask containers. Lately 42 per cent solution in glass 
carboys has been used but neither is its handling in small 
containers free from trouble. 

Some trials made with ferric sulfate showed that com- 
parable results may be obtained with this material but on 
the basis of iron (Fe) content more of the sulfate is 
required than chloride to do the same work. Prior to 
the filter changes, experiments had been made with fer- 
rous sulfate oxidized with chlorine (chlorinated cop- 
peras), but were not successful in plant trials by the 
batch method, although laboratory tests indicated that 
the combination of chlorine with this cheaper iron salt 
might compete with ferric salts. Further plant trials 
with chlorinated-copperas by use of the new continuous 
feed equipment are contemplated. 

The use of lime for sludge conditioning following the 
iron salt has several advantages. It improves floccula- 
tion to some extent and tends to give a firmer and drier 
cake. Lime prevents corrosion of the filter piping and 
structures and eliminates putrefactive odors, not only in 
the filter house but in the sludge after it is put on the 
fields. 

Regarding the use of paper pulp as a filter aid, the 
Hagerstown experience was unfavorable on account of 
the fairly definite limit on yield with the particular sludge 
handled, the lack of consistent results day by day, the 
unsatisfactory quality of filtrate and the cost of paper. 
A ratio of 50 per cent of air dry paper to dry sewage 
solids appeared to be the minimum that could be depend- 
ably counted upon. Higher paper ratios gave better 
filterability but as the paper was added as a 3 per cent 
suspension (about equal to sludge solids), the volume 
to be filtered was increased proportionately. It is true 
that a sludge impossible to filter otherwise may be made 
filterable by the addition of sufficient paper pulp, dia- 
tomaceous earth or other porous filler. It is possible that 
in those communities where paper is collected by the 
municipality at a cost little above that of hauling paper to 
a municipal incinerator, paper pulp may be advantage- 
ously employed for sludge filtration. 

The Hagerstown experience shows very clearly the 
advantage of a continuous method of conditioning sludge 
over intermittent batch methods. It can be shown quite 
readily by laboratory experiments with the Buchner fun- 
nel or test leaf-filter that the filterability of sewage 
sludge decreases quite markedly with increased lapse of 
time after the addition of coagulating chemicals. Sim- 
ilarly it may be shown that too much stirring of the 
sludge after addition of the coagulant is definitely detri- 
mental to filtration. This is true also of sludge condi- 
tioned with paper pulp, without an iron salt. These facts 
have been thoroughly confirmed in the plant operations. 
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Chicago Water Waste 


Particular methods of achieving conspicuous waste 
of the people’s money have a strange fascination for 
some public officials. Thus the wicked squandering of 
a large proportion of the water which, at heavy cost, 
Chicago pumps from’ the lake for public uses is pre. 
served inviolate through the years. 

The commission of distinguished engineers appointed 
to review plans of the Chicago sanitary district for 
spending $21,000,000 of federal funds allocated to its 
great construction program has viewed the city’s water 
waste with shocked amazement. The recent survey of 
plumbing leaks on private premises conducted by the 
civil works administration reflects the commission’s hor- 
ror of the existing state of things. That survey dis- 
closed 653,615 leaking faucets and bathroom fixtures 
in 359,148 homes and shops, indicating that there is a 
daily waste of city water amounting to 200,000,000 gal- 
lons. It is estimated that if all defective plumbing on 
private premises were repaired there would be an an- 
nual saving of $2,847,000 in the cost of pumping city 
water. 

That estimate tells only part of the disgraceful story. 
In warm weather many faucets are left open day and 
night in order that the air in homes may be cooled and 
freshened by the running water. Leaking pipes below 
ground add much to the total losses. These and other 
forms of waste do not result from plumbing defects 
readily discernible in a general survey. The simple 
truth is, as experience amply proves, that on many un- 
metered premises, whether from deliberate abuses of the 
public water service or from undetected leakages, or both, 
more water is wasted than is used. 

A small proportion of the defective fixtures disclosed 
by the recent survey has been repaired under the city’s 
supervision, but now the work has stopped, organiza- 
tions of master plumbers having made loud protests 
against repairs which deprive their members of profit. 
So the city goes on pumping floods of water which it 
knows will be wasted. Meanwhile the work of meter- 
ing city homes proceeds at a laggard pace, after having 
been suspended for years. In the metered home water 
waste ceases because payment for it comes out of the 
householder’s pocket. But the cost to him of metered 
water used freely for all desirable purposes ordinarily 
is less than what he would pay at frontage rates. 

Any rational system of municipal housekeeping would 
have made Chicago a completely metered city long ago. 
That probably would have cut in half its present bill 
for pumping water. Metering would make unnecessary 
the future expenditure of millions in enlarging lake 
and land tunnels. It would reduce greatly the cost of 
the sanitary district’s sewage disposal works. The 
report of the federal commission of engineers which 
has been investigating these and related matters has gone 
to Secretary Ickes. It would not be surprising if that 
report should take the city severely to task for its reck- 
less course in fostering water waste on a gigantic scale.— 
Editorial in Chicago Daily News. 


v 





A 1,200 Mire Piet Line.—Construction is now un- 
der way on a pipe line for conveying oil from the 
Mosul oil fields in Northern Iraq to the terminal port 
of Haifa and Tripoli on the Mediterranean seaboard. 
The line will be 1,200 miles in length. 
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ELIMINATING SURGE TROUBLES 
ON PUMP DISCHARGE LINES OF 
WASHINGTON WATER SUPPLY 


By D. M. RADCLIFFE 


Engineer, U. S. Engineers’ Office, Washington, D. C. 


means of preventing dangerous surges and water- 
hammer in water service pipe lines. 

Almost all water works engineers are faced with surge 
troubles in main pump discharge lines or any long line, 
especially feeder mains without lateral branch lines. 
Usually the lines are of cast iron pipe, designed to with- 
stand all surge conditions which might be encountered 
but in numerous cases the water-hammer, produced by 
surging, has blown pipe joints and in some cases has 
broken pipe lines. 

There are several means of preventing surges in pipe 
lines, the best known of which is the surge tank. In 
most water supply systems it is not practical to provide 
surge tanks and therefore some other means must be 
employed if excessive surging is to be eliminated. 

A common cause of dangerous water-hammer or surge 
in pipe lines of water supply systems is failure of the 
electric power input to motor driven pumping units. This 
sudden stop in pumping sets up a series of pressure 
waves or surges in the discharge pipe line. Much has 
been published with respect to water-hammer and _ its 
effects on pipe lines, therefore this article will discuss 
briefly a practical means of eliminating surge or water- 
hammer conditions. The method described has been in 
satisfactory operation on the Washington Aqueduct in 
the city of Washington, D. C., for the past eighteen 
months. 

The Dalecarlia Pumping Station is equipped with nine 
synchronous motor driven centrifugal pumping units of 
10 and 20 m.g.d. capacities. Three discharge pipe lines 
extend from the station to service reservoirs. One is 
a 48-inch pipe line, 12,350 feet in length with 110 feet 
working head; one a 36-inch line, 8,900 feet in length 
with 220 feet working head; one a 36-inch line, 15,950 
feet in length with 340 feet working head. Three pumps 
are connected into each of these three lines. 

Following accepted practice quick closing check valves 
had been installed in each of the pump discharge lines. 
Electric power failures, which occur several times each 


i purpose of this article is to relate a practical 


year, proved the cause of excessive and dangerous surges 
or water-hammer in the discharge lines. Records of the 
surges were taken on high-speed pressure charts and it 
was found that the maximum surge pressures recorded 
were 175 per cent above normal working pressure on 
each line. 


Rotary Plug Type Check Valves Installed 


After the pumping station had been in operation for 
approximately three years, it was decided to install check 
valves which would reduce to a minimum the loss of 
head through such valves. The new valves installed are 
of the rotary plug type and hydraulically operated. These 
are equipped with an adjustable timing feature to provide 
means of regulating the speed of closing upon pump 
shut-down or failure of electric power. Timing tests 
were made on the new valves to determine, if possible, a 
closing period which would limit pipe line surges to safe 
values. A number of closing periods, varying from one 
second to fifteen seconds, were tried. It was not per- 
missible to employ closing periods in excess of fifteen 
seconds because a reverse flow of water through the 
pumps would take place and rotate the units backward 
at high speed. Since the pumps are not designed for 
reverse rotation this condition was considered unsafe 
and time of valve closing was limited to a maximum of 
fifteen seconds. In the series of closing period tests 
made, it was found that a five second period produced 
the best results, but the surge was still 100 per cent above 
normal working pressure. Unless the check valve can 
be left open until a surge is dissipated and then closed 
slowly, it is necessary to close the valve before the first 
supernormal return wave reaches the station or valve. 
In the case of the Dalecarlia Station, the first supernor- 
mal wave reached the station seven seconds after power 
failure. The results obtained by valve timing were there- 
fore not considered satisfactory because these valves 
must protect pipe lines of concrete construction which 
were not designed to withstand the surge pressures en- 
countered. 
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Fig. 1—Results from Surge Relief Experiments, Employing Various Sizes of Relief Orifice 
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Vig. 2.—Sketch to Show Arrangement of Tapping Sleeve and 
Surge Relief Valves 
Further Studies on Surge Relief 
Investigations of different methods of surge suppres- 
sion in pipe lines were then made. It was decided to 
provide a relief valve on each pipe header in the pumping 
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station. To make the installation it was necessary to 
provide an outlet from each of the three pump-discharge 
lines. This was accomplished by installing “Smith” tap- 
ping sleeves (figure 2) with 10 inch outlets. A 10-inch 
gate valve was bolted to each sleeve to provide emergency 
shut-off. The discharge from each surge relief valve 
was carried into the filtered water reservoir to prevent 
waste of purified water. 

Before deciding upon size of valves to be used, cal- 
culations and field tests were made to arrive at the size 
of relief required. The field tests consisted of a series 
of surge tests relieved through different sizes of open- 
ings. This was done by providing a 12 inch valved 
opening on one of the pumping station headers. A series 
of tests was then made under variable pumping condi- 
tions with the several orifice plates bolted on the valve, 
The valve was of the quick opening, hydraulic type, man- 
ually controlled. A signal system was installed to insure 
proper timing of test valve opening. The field tests in- 
cluded surge relief through openings 2, 4, 6, 8, 10 and 12 
inches in diameter. It was found that the 2 and 4-inch 
openings had very little effect in damping the supernor- 
mal surge pressure. The 6-inch opening did not damp 
the first supernormal wave but did damp out the succeed- 
ing waves. The 8-inch opening entirely damped or elim- 
inated all supernormal waves. From the results obtained 
in the field tests it was decided to install 10-inch surge 
relief valves on each of the pump discharge lines. The 
chart (figure 1) shows the results of the tests made with 
the orifice plates under variable pumping conditions. 


Automatic Cone Relief Valves Installed 


The surge suppressor or relief valves installed are of 
the hydraulically operated, rotary plug type (figure 2), 
manufactured by the Automatic Cone Valve Company, 
now a division of the Chapman Valve Company. Since 
the valves meet open when the pressure drops in the pipe 
lines it was necessary to supply water pressure for valve 
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Fig. 3.—Charts Illustrating Surge Conditions Before and After 


Installation of Cone Type Relief Valves on Discharge Lines 
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operating from an independent source of supply. A 60- 
gallon residential supply water system was installed to 
insure an unfailing supply of water pressure to the three 
surge relief valves. The valves operate in the following 
manner; the normal pressure of the pipe line operates 
against a spring diaphragm pilot valve which admits con- 
trol water pressure to the “closing” end of the hydraulic 
piston. 

This holds the surge relief valve in the closed position. 
When a power failure occurs, the water in the pipe line 
flows away from the pumping station causing a sub- 
normal wave in the line. ‘This results in low pressure 
against the control diaphragm, which allows a spring 
to operate the pilot valve, which in turn allows high pres- 
sure control water to flow to the “opening” end of the 
hydraulic piston which opens the main surge relief valve. 
The opening action is very rapid, the entire operation 
requiring only from 1.5 to 2 seconds. The average 
duration of the first sub-normal wave in the Washington 
lines is approximately 8 seconds, thus the surge relief 
valve is wide open before the first super-normal return 
wave reaches the station. With the surge relief valve 
open, all succeeding super-normal waves are dissipated 
through the open valve. The pipe line now assumes a 
penstock condition and the surge relief valve must be 
closed very slowly in order to prevent setting up pen- 
stock surges. This is done by limiting the flow of control 
water to the “closing” end of the hydraulic piston. For 
successful results it was found that a 2-second opening 
and 2.5-minute closing of the surge relief valves entirely 
eliminated water-hammer or surges in the respective pipe 
lines. 


Results 


The surge relief valves have been in operation in the 
Dalecarlia Pumping Station for a period of 18 months 
and during this time several power failures have oc- 
curred, and high speed pressure charts indicate that pipe 
line surges have been entirely eliminated as indicated by 
typical records pictured in figure 3. 

Acknowledgment—This article is taken from a paper 
presented before the Maryland-Delaware Water and 
Sewage Works Association. 
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Michigan Sewage Works Association 
Holds Tenth Conference 


HE Tenth Annual Conference of the Michigan 

Sewage Works Association was held at Michigan 

State College, East Lansing, Michigan, March 
26-30, 1934. The conference was preceded by a three- 
day short course in sewage analysis and plant hydraulics 
lor operators. About 70 persons registered for the con- 
ference and 25 attended the short course, given by Pro- 
fessors Eldridge, Mallmann and Theroux of Michigan 
State College faculty. 


Papers Presented 


J. A. Volk described the Traverse City sewage treat- 
ment works which have now completed a full year’s 
operation. A notable achievement has been the reduction 
of the pollution of Little Traverse Bay as indicated by 
the results of frequent bacteriological surveys. 

James R. Rumsey, Supterintendent, Sewage Treatment 
Works, Grand Rapids, Mich., reported on experiences 
in operating small gas engines on sewage gas at Grand 
Rapids. He analyzed critically the performance of the 
engine. In general, it could be said that the engine gave 
very satisfactory service. 

In a brief talk, Deputy Attorney General Gerald K. 
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O’Brien discussed legal phases of sewage treatment. He 
stressed the manner in which legal decisions had followed 
economic conditions. 
N. G. Damoose, Chemist, Sewage Treatment Works, 
Grand Rapids, Mich., outlined the effect of and results 
being obtained on the Grand River by the sewage treat- 
ment plant at Grand Rapids. A complete series of 
graphs showed the variation of D.O., B.O.D. and bac- 
teria at several sampling stations above and below the 
treatment plant. A series of determinations made before 
the plant was constructed afforded comparative data 
indicative of the degree of improvement brought about 
by the plant. 
Thomas Doyle, Superintendent, Sewage Treatment 
Works, Pontiac, Mich., related experiences at Pontiac 
from the plant operators viewpoint. Particularly signifi- 
cant was the comparison of the hit or miss methods used 
in operating the plant when he first took charge as com- 
pared to the scientific control of later years. 
Dr. W. L. Mallmann, Michigan State College, dis- 
cussed data obtained in chlorinating sewage at Flint and 
Traverse City. The addition of sodium thiosulphate to 
samples at the time of collection, he said, would give a 
more nearly correct picture of the effectiveness of 
chlorination. 
George Hubbell, Hubbell, Hartgering & Roth, Engi- 
neers, Detroit, discussed the effect of inlet arrangements 
on sedimentation tanks. He presented an interesting 
comparison of various types of inlets on a model tank 
constructed in accordance with the old Dearborn Imhoff 
tank plans. As a result of the studies of the model a 
new type of inlet was developed and installed with a 
marked increase in sedimentation efficiency resulting. 
An instructive illustrated talk on small activated sludge 
plants with mechanical aerators was given by J. E. Holst, 
Simplex Aerator Corp., Chicago. The adaptability of 
this type of installation was admirably shown. 
Walter A. Sperry, Superintendent, Sewage Treatment 
Works, Aurora, Illinois, made one of his interesting 
talks on human relationship in connection with the routine 
plant operation. In addition, he discussed certain phases 
of plant operation and described quite fully the develop- 
ment of a sludge metering device, the use of which has 
been quite helpful at Aurora. 
The conference went on record as favoring the adop- 
tion of rules and regulations for certification of plant 
operators by the Michigan Department of Health. 
Officers elected were: 
President—Pierre Welch, Supt., Sewage Treatment 
Works, Flint, Mich. 

Vice-President—J. A. Volk, Supt., Sewage Treatment 
Works, Traverse City, Mich. 

Secretary-Treasurer—W. F. Shephard, Asst. Engr., 
State Dept. Health, Lansing, Mich. 

Director—E. C. Miller, Supt., Sewage Treatment 
Works, Dearborn, Mich. 


v 
Merril S. Sabin, of Illinois Dept. Health, Dies 


Merril S. Sabin, Principal Assistant Sanitary Engi- 
neer, Illinois State Department of Health, died at the age 
of 33, in Springfield, Ill., on April 21st, after an illness 
of three months. He is survived by his widow and 
parents. 

Mr. Sabin was graduated by the University of Illinois 
in 1924 and had served the State Department of Health 
continuously for almost 10 years. He was instrumental 
in establishing the Water Treatment Plant Operators 
Association of Southern and Central Illinois. A native 
son of the State he served faithfully and well, his body 
was returned to his home in Antioch, IIl., for burial. 
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SEPARATE SLUDGE DIGESTION 


By HENRY W. TAYLOR 


Consulting Engineer, New York, N. Y. 
HE usual plan for a 
separate sludge diges- 
tion sewage works is 

dictated largely by low trunk 

sewers and ground water 
conditions at the sewage 
works site. The sludge tanks 

are separated from the set- 

tling tanks in a double sense, 

as a matter of process and 

also as a matter of location. 

The usual layout involves 

sludge pockets at the inlet 

end of the settling tanks and 

the manual withdrawal of 

sludge from these pockets 

several times a day. There 

is also involved the pumping of sludge from a sludge 

well to the sludge digestion tank, which is at a location 

distant from the settling tanks to provide for the neces- 
sary embankment to protect the sludge tanks from low 
temperatures. Sludge tanks are generally located at an 
elevation above ground water for both structural and 
operating reasons and pumping of sludge is thus re- 
quired. The withdrawal of sludge liquor from the diges- 
tion tanks is manually controlled or an intermittent over- 
flow and the withdrawal is intermittent rather than con- 
tinuous. A separate control of the digestion tanks is 
necessarily located in a building adjacent to the tanks 
which is at some distance from the settling tanks and 
the main office building of the sewage works. <A con- 


Henry W. Taylor 


siderable amount of inter-connecting piping is required 
between the sludge tanks, the settling tanks, the fresh 
sludge well, etc., consisting of sludge force drain, liquor 
drains, gas and water piping and overflows. The opera- 
tor is required to divide his time between the settling 
tank location and the sludge tank location. 

Where crude sewage is necessarily pumped from the 
trunk sewer to settling tanks which are at an elevation 
tc eliminate back-water from the stream which affords 
ultimate disposal for the treated sewage, and occasionally, 
where a newly constructed trunk sewer can be maintained 
at a high elevation at the point of discharge to the sew- 
age works, a simplified design may be utilized. This 
design eliminates some of the loss of motion in the 
usual layout and will tend to improve operating condi- 
tions and reduce the cost of the installaton. All of these 
three factors are equally important. The attempt to 
simplify a separate sludge digestion design for these 
particular cases has passed through several permutations 
and combinations and the accompanying illustrations to- 
gether with the following description will serve to illus- 
trate the form in which these various attempts have 
finally crystallized. 


Special Design Features of the Settling Tanks 


It will be noted that the settling tank extends over the 
digestion tank and the floor of the settling tank forms 
the roof of the digestion tank unit. The floor of the 
settling tank is sloped upward toward the inlet end where 
the settling tank depth is only 4.5 feet. The settling 
tank capacity is secured by an increased depth at the out- 
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PLAN OF OFFICE BUILDING, 
SETTLING AND SLUDGE TANK UNITS 


Fig. 1.—Settling Units and Sludge Tanks Shown in Plan, 
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let end which yields an average depth of about 6.75 feet. 
The sloping floor of the settling tank serves to decrease 
the depth of excavation of the sludge tank below. On 
the other hand, the increasing depth of the settling tank 
as the sewage approaches the effluent end of the tank, 
decreases the velocity of flow as required for efficient 
settlement of the finer sludges which settle, if at all, be- 
yond the middle point of the tank. The provision of 
multiple effluent take-off headers, just beyond the third, 
the half and the seven-eighths points of the tank length 
is designed to further increase settling efficiency by the 
reduction of velocities as the sewage passes into the zone 
of increasing depth of the settling tank unit. The mul- 
tiple effluent headers tends to supplement a_ horizontal 
travel of the sewage with a vertical flow induced by 
them. Withdrawing effluent as the sewage traverses the 
length of the tank also decreases the amount of remain- 
ing sewage required to complete the flow to the end of 
the tank. Two methods of reducing velocities are em- 
ployed, first an increasing depth of cross-section, and 
second a decreasing quantity of flow—both being ad- 
vantages to solids separation. It will be noted that the 
end effluent header is placed some distance from the end 
wall of the tank. It is readily admitted, even from the 
result of a casual physical examination, that there is a 
tendency for lighter sludge particles to rebound from 
the end wall of the settling tank and some of these finer 
particles are unnecessarily carried away in an end weir. 
The efficiency of the multiple effluent header has been 
demonstrated in the case of activated sludge sedimenta- 
tion, at Chicago and elsewhere. How far this efficiency 
will be paralleled in the case of primary sedimentation 
is not known, but it would appear that a somewhat sim- 
ilar efficiency would result. It is thought that a care- 
fully adjusted use of the multiple header will consider- 
ably increase the efficiency of a given tankage capacity, 
reduce the nominal period of detention and still improve 
the reduction of solids. The amount of effluent with- 
drawn from the first effluent header will probably be 
comparatively small in percentage and is estimated at 15 
per cent. The withdrawal of effluent from the central 
effluent header is estimated at 35 per cent. If these 
estimates are within range of the actual, the last half of 
the tank would handle only 50 per cent of the total flow 
and the nominal capacity of the settling tank would be 
largely increased. For the end weir overflow, this tank 
unit has a capacity of 2.7 hours detention for the de- 
signed flow of about 700,000 G.P.D. When the multi- 
ple effluent headers are used for percentages of flow as 
stated, all the sewage is detained for 0.8 hour; 15 per 
cent is withdrawn, supposedly requiring no more settle- 
ment in as much as it will represent top liquor. The re- 
maining sewage is detained for an additional 0.8 hour 
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between the first and second headers, after which 35 
per cent of the original sewage is withdrawn. The re- 
maining 50 per cent of the sewage is then retained for 
another 2.42 hours. Some of the sewage is thus retained 
for about 4.5 hours. Should this same tank be operated 
at twice the normal rate, the maximum detention would 
be 2.0 hours and with three times the normal flow the 
maximum detention would be 1.35 hours. Theoretically, 
the solids are gradually settling downward and the top 
of the tank sewage should be free of settleable solids 
after 30 feet of flow, provided the draw-off is not so 
rapid as to induce upward flow of particles that are on 
the way down, but not very far as yet from the upper 
strata. The same applies to all header locations, with 
the additional factor that after 48 feet of horzintal sew- 
age travel the settling solids are near enough the bottom 
strata to permit of a heavier draw-off. 


Features of the Sludge Digestion Tank 


The location of the sludge tank, underneath the in- 
fluent end of the settling tank, renders it possible, with 
a sludge collector, to deliver the settled fresh sludge to 
an Imhoff slot which admits the falling sludge accumu- 
lation into the liquor stratum of the digestion tank. As 
this sludge has already settled through a sewage liquor, 
it will again, in an accumulated mass, settle down through 
a sludge liquor. The depth of the sloping baffle is 5 
feet below the floor of the settling tank and the small 
deflecting baffle will be submerged in the sludge liquor 
within the digestion compartment, the floating sludge or 
scum being above this point and the bottom sludge being 
well below it. Jetter pipes are provided to keep the 
sloping baffles clean and jetter nozzles will provide means 
whereby the sludge accumulation can be leveled off 
throughout the length of the sludge digestion tank should 
such leveling be found necessary. It is thought that 
with the natural agitation produced by the gas bubbles 
passing through the digesting sludge and sludge liquor, 
the incoming sludge will normally adjust itself to a hor- 
izontal stratification. It will be noted that the top sludge 
and scum is subject to a 4 foot submergence and that it 
is never exposed to winter temperatures. The coldest 
exposure on the top sludge may be taken at about 40 or 
35 degrees, whereas with sludge tanks installed in em- 
bankment the top sludge is more or less exposed to tem- 
peratures sometimes 40 degrees below zero in our north- 
ern climates. The sludge gas is collected at the side of 
the settling tank ina gas dome. In the area of the sludge 
digestion tank that extends beyond the settling tank, 
there will be installed two jets, controlled from above, 
which will discharge heated sludge liquor into the top 
sludge. This jetting will add heat and will provide agi- 
tation when- needed. A hot water tank serving as a 
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2.—Settling Units and Digestion Tank—Longitudinal Section, 
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super-heater for sludge liquor is provided in the base- 
ment of the office building so that the sludge liquor sup- 
plied to these nozzles can be raised from its normal tem- 
perature of 80 degrees to about 125 degrees. 


Other Design Features and Advantages 


The settling tank unit, the sludge tank unit and the 
main building of the sewage works are combined so as to 
have common walls and a complete control of all appara- 
tus is centered in the basement of the office building. 
This centralization of the settling tank, the sludge tank 
and the office building make it unnecessary for the oper- 
ator to walk from the settling tank to an isolated sludge 
tank location. 

All control apparatus and equipment for all parts of 
the sewage works are centralized in one location and 
practically under one roof. The lost motion and the 
duplication of equipment and interconnections resulting 
from isolated location of separate units is eliminated 
thereby. 

The time required to manually withdraw sludge from 
the usual sludge pockets, that required to pump the 
sludge and to keep the sludge pockets clear and clean 
is eliminated by the design and by the jetters. 

The operation of withdrawing sludge liquor intermit- 
tently, is replaced by a more gradual and more continu- 
ous displacement of sludge liquor upwards through the 
slot after which it passes through the settling tanks, 
diluted with the fresh sewage. In this effect superna- 
tant sludge liquor will be no more a problem in disposal 
than in the case with Imhoff tanks. The total volume 
and the rate of displacement of sludge liquors is a func- 
tion of input of sludge solids. 

Exposure to extreme cold weather is eliminated by the 
insulation provided by a layer of flowing sewage over 
the roof of the sludge tank. 

All metering, recording and utilization of gas from 
the sludge tank is centralized in the office building and 
one heating unit can be used for heating both the sludge 
tank and the building. The time of the operator which 
is now spent in lost motion can be utilized in conducting 
tests and experimentation and the number of operators 
required for any given installation can be reduced. 

This design as compared with a more nearly standard 
scheme, with the same capacities throughout, shows a 20 
per cent reduction in concrete required and a consider- 
able reduction in miscellaneous costs. 

At least one unit of this type will be installed this 
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Fig. 3.—Settling Units and Digestion Tank—Cross Section. 
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summer and an opportunity will be thus provided to 
verify and amplify present knowledge and assumptions, 


v 
Reducing Pumping Costs and Wastage 


In a paper read before the Four States Section of the 
A. W. W. A., Frank M. Winder, Deputy Director of 
Public Works, Trenton, N. J., presented an illuminating 
story of how the Water Department of Trenton, N. J., 
had reduced pumping costs and water waste. 

The consumption of water at Trenton has been brought 
down from 192 gals. per capita in 1913 to 100 gals. per 
capita in 1933. In the face of a population increase of 
60 per cent during the 20 year period water pumped in 
1933 was only 18 m.g.d. compared to the 21 m.g.d. 
pumpage of 1913. Mr. Winder explained that a 
Pitometer survey followed by major leak corrections had 
been the prime factor in reducing waste at a minimum 
of expense and effort. Thereafter followed a systematic 
house to house inspection for the purpose of checking 
the number of fixtures, locating and eliminating leaks. 
The work of this special crew had increased revenues by 
$17,000 per year at a cost of $6,000 per annum to main- 
tain the crew. The leak inspection crews had paid their 
way handsomely. 

The installation of meters had been of secondary con- 
sequence in raising revenues because of the very low 
domestic rates for metered water in Trenton (83 gals. 
for 1 cent) which had been due to the low power cost 
(34 cts. per k.w.) for pumping. 

Since 1915 the Trenton Water Department has been 
self supporting. In 1931 steam pumping bowed to the 
less expensive electric pumping at further savings. To 
improve distribution pressures and further reduce pump- 
ing costs two booster pumping stations have been in- 
stalled at strategic points on the system. The wire to 
water efficiency of 81 per cent for the booster units con- 
stitutes a remarkable performance. Notwithstanding the 
low power rate the net savings have amounted to $2.00 
on every million gallons of water pumped. 
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FuLLER & McCiintock Move to NEw QuarterRs.— 
Fuller & McClintock, Consulting Engineers, New York 
City, who have been located for many years at 170 
3roadway, announce the removal of their offices to 11 
Park Place in order to procure increased facilities, 
greater space and a more central location. 
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EQUIPMENT FOR WATER AND 
SEWAGE LABORATORIES 


Apparatus Developed and Constructed in the Laboratory 


By THOMAS M. RIDDICK* 


New York University, New York 


OR more than twenty- 
F five years there has 

been available to engi- 
neers and chemists a book of 
“Standard Methods” for use 
in making various tests re- 
quired in the examination of 
water and sewage. However, 
if results are to be obtained 
from various plants which 
are truly comparable, there is 
some need for standardiza- 
tion of apparatus and _ tech- 
nique employed in making 
these determinations. Sani- 
tary laboratory equipment 
consists mainly of apparatus 
in general use by chemists, 
biologists and bacteriologists 
and the author has attempted 
to adapt this equipment more 
nearly to the needs of spe- 
cific water or sewage an- 
alyses. When, however, ap- 
propriate apparatus was not 
commercially available from 
stock it has proved advan- 
tageous and economical to 
design and build the necessary items. 

Realizing the needs of smaller laboratories, the guid- 
ing factors in the design of equipment, to be described in 
this and future issues of WATER WorKS AND SEWERAGE, 
have been (a) facility of operation, (b) uniformity of 
results obtainable, (c) economy. It is hoped that these 
articles may prove of value to plants whose financial con- 


ditions require the building rather than the purchasing 
*Instructor in Hydraulic and Sanitary Engineering. 











































The Twenty Degree Incubator. 








General View of the Sanitary Engineer Laboratory: (A) Steam Bath; (B) Calibrated Muffle 
Furnace; (C) Dry Heat Oven; (D) Kjeldahl Apparatus; (E) Colorimeter; (F) Centrifuge; 
(G) Ether Extractus; (H) Stirring Apparatus—(Flocculator); (1)Floc-a-lite; (J) Gas 
Analysis Apparatus. 


of laboratory equipment and will elicit discussion as to 
standardization of laboratory equipment. 

The apparatus shown in the general view of the labo- 
ratory, has given efficient service for more than a year 
in the Department of Sanitary Engineering of which 
Professor Thorndike Saville is the head. 

This article will be devoted to a description of only one 
piece of apparatus—the 20 degree incubator. Subse- 
quent articles will describe other items of equipment 
shown. 


The 20 Degree Incubator 


The technique, procedure and logic of the Bio-Chem- 
ical Oxygen Demand determination has been presented 
by Theriault and Phelps, in publications of the U. S. 
Public Health Service, namely, Bulletin 173, Supplement 
90 and Reprint 1475 from Public Health Reports. Usu- 
ally B.O.D. values are obtained by incubation at 20 deg. 
C. for a five day period, but without present knowledge 
of this subject it is comparatively easy to compute the 
5 day 20 deg. oxygen demand from values obtained by 
incubation at temperatures other than this and for periods 
of incubation greater or less than five days. 

In reviewing data from various plants and research 
organizations it is surprising to note the great variation 
in incubation procedure. In many instances, a reom of 
“farly constant” temperature, or a tank located in this 
or that room has been used. Average temperature may 
have been struck from readings which vary as much as 
5 degrees from the mean temperature. 

Although a water seal for sample bottles has been 





















Level 
peti to Show Inlet and Outlet Piping and Syphon for 


Close-Up of Water Tank in Incubator with Water 


Emptying the Tanks. 


recommended by Theriault and others, we have observed 
that in practice many laboratories incubate without this 
protective device. It is possible that results obtained 
under varying temperatures with or without the use of 
water seals may approximate values obtained under care- 
fully controlled conditions, but such occurrences are more 
or less accidental. If no means of controlling the tem- 
perature is available, such results are perhaps better than 
none at all, but data of this type is valuable only in a 
relative sense to the plant at which it was collected. This 
procedure gives no surety of being able to duplicate re- 
sults either at the laboratory in question, or elsewhere. 

There are several 20 degree incubators on the market 
which are designed for or may be adapted to the B.O.D. 
determination. However, in many types the following 
disadvantages are noted: 

1. Lack of water tanks for providing water seals by 
submerged incubation. 

2. High initial cost per unit capacity. 

3. Too small capacities for continuous B.O.D. de- 
termination. 

4. High operating cost due to refrigeration or icing, 
as well as the inconvenience of the latter. 

5. Lack of facility for placing or extracting samples 
when water tanks are provided. 

The incubator shown in the accompanying illustra- 
tions was formerly an electric refrigerator constructed of 
sheet metal, with the conventional asbestos air cell: lin- 
ing. The usual ice chamber or refrigeration unit has 
been omitted and an additional tank has been substituted. 
There are four coils or circuits of copper tubing extend- 
ing around the bottom, top and sides of the incubator. 
A manifold, connected to the city water supply, supplies 
these coils with cooling water. It has been found that 
the tap water in New York City even during the hottest 
months of the year is always below 20 degrees C. and 
therefore by circulating tap water at a low rate of flow 
the cooling elements are always below this critical tem- 
perature. The use of a manifold to which is connected 
four separate cooling elements, instead of one continu- 
ous coil, insures a more uniform temperature in the in- 
cubator. The rate of circulation is controlled by a gate 
valve on the influent line, and from experience only a 


slight trickle of water is required for cooling. 

Heating units are located within and on both sides of 
the incubator above the cooling coils and are shielded 
from the lower pan by a sheet of asbestos 
board. 


“transite” 
Circulation of air is provided by ports extending 
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through the bottom of the incubator with corresponding 
openings in the top. The latter may be opened or closed 
by rotating a circular perforated cover plate. 

A rod thermostat extends the entire width of the in- 
cubator and is located near the top to control the amount 
of heat supplied. Under working conditions the heat- 
ing elements are automatically turned on and off about 
once every five minutes. 

It is obvious that with this system of cooling, the upper 
or lower compartment formerly used for a refrigeration 
unit or ice box may now be utilized as space for an ad- 
ditional water pan. There are two pans or tanks each 
with a capacity of 36 standard (200-250 cc.) B.O.D. 
bottles. This allows the placing of 14 samples each day 
for continuous operation, or a total of 72 for each five 
days. Filling the tanks is easily accomplished by open- 
ing a valve directly above them, the water being drawn 
from the influent line. This procedure is quite an im- 
provement on the old type of manual filling. Each tank 
is fitted with an overflow tube located at an elevation 
just above that of the bottle stoppers. When samples 
are placed in the tank a quantity of water equal to the 
bottle is displaced through this tube and goes to waste. 
This effectively prevents an overflows of the tank and 
insures a water seal of the bottles at all times. A siphon 
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tube (pl. 3) is also soldered to the tank and extends 
down the side to the bottom for the purpose of drawing 
off the water if it becomes necessary to remove the tanks 
for cleaning. A wire shelf located above the upper tank 
provides space for fifty standard petri dishes if 20 de- 
gree bacteria plate counts are desired, 
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An important element in operation is that of a satis- 
factory circulation of air. This is controlled by the 
cover plates over the top vents. With little circulation 
there will be a saturation of moisture vapor in the in- 
cubator, and with the cooling coils always at a tempera- 
ture lower than that of the air, there is danger of con- 
densation of moisture vapor on the coils which will drip 
to the bottom of the incubator and cause rusting of the 
lining. The vents should be opened only enough to 
effectively prevent condensation. The effluent from the 
cooling coils flows to an open funnel which is connected 
to sewer, permitting a visual regulation of the amount 
of cooling water circulated. Rubber tubing connects 
both overflow tubes and siphons to the waste funnel. 

This incubator has been successfully operated for over 
a year and has proved to be economical and efficient. 
The sensitivity of this apparatus is 1/10 degree with 
maximum variation in air temperature of plus or minus 
1 deg. C. 

Should the incubator be used in locations where cold 
water from the distribution system is above 20 degrees 
in the warmer months of the year, pre-cooling may be 
accomplished by passing the influent first through a sec- 
tion of coiled copper pipe built into any standard elec- 
trical refrigerator or refrigeration unit. 


v 


Progress in Municipal Water 
Softening by Zeolites* 
By A. S. BEHRMAN 


Chemical Engineer, 
International Filter Company, Chicago, Ill. 


é eo are frequently advantages and economy in 
softening by zeolitic processes. Particularly is this 
true of small municipal installations or where non- 

carbonate hardness, requiring soda ash, has to be dealt 
with. In iron removal, zeolite is effective provided the 
iron is in solution and not partially oxidized before 
reaching the zeolite. Even a considerable coating of the 
grains with iron does not materially affect the softening 
capacity of zeolite. Not more than a 10 per cent lowering 
of capacity is observed and the same may be said con- 
cerning manganese removal. 

In considering synthetic as against natural (green 
sand) zeolites, the increased speed of the synthetic prod- 
uct renders the cost of installation much lower because 
of permissible use of smaller softening units operated at 
higher rates. The capacity between regenerations is of 
the order of 9,000 to 12,000 grains of hardness per cu. ft. 
of synthetic as against 3,000 grains per cu. ft. of green- 
sand. The theoretical salt requirement in regeneration of 
the bed is 0.17 Ib. per 1,000 grains of hardness removed. 
A fair figure for synthesized zeolite in practice is 0.35 
lbs., however, as against 0.5 lbs. for the green sand. 
Under ideal conditions 0.19 Ib. salt consumption is the 
lowest recorded in practice for synthetic zeolites. Wash 
water requirements will be 25 to 33 per cent of that 
needed in operations employing green-sand; and, a 
smaller number of regenerations are required because of 
the higher capacity of the synthetic product per cu. ft. 
Savings of 20 to 25 per cent in salt consumed and 50 to 
75 per cent in wash water are worth considering when 
realizing that such savings may pay for the zeolite in 2 
years’ time, as exemplified in the case of Lancaster, O., 
and elsewhere. 

In making zeolite installations one should consider the 
net cost—i.e., the balance between continuous expense 





*Excerpts from a paper, of the same title. which was read 
before the Four States Section of the A. W. W. A. 
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(salt consumed) as against interest and depreciation on 
the initial investment in more plant capacity, more zeolite, 
to allow the use of slower rates with appreciable saving 
in salt. Another important consideration is the wear of 
the zeolite, but one should compute the replacement cost 
on the basis of gallons of water softened during the 
life of the zeolite rather than the less tangible “years of 
service.” <A high rate zeolite regenerated twice daily will 
pass 14 times the water that a slower zeolite with one 
washing per day will pass in a given period of service. 
For waters of low hardness, green sand will, in general, 
prove more satisfactory, whereas, for high hardness re- 
moval synthetic zeolites are preferable, other things being 
equal. The perfection of automatic regeneration of 
zeolite units represents a decided step in advance—par- 
ticularly for small installations. 

The effective size of the synthetic zeolite (“Crystallite” ) 
is 0.4 to 0.45, with a uniformity coefficient of 1.6 to 1.9. 
The loss of head at 3 gal./sq./ft./min. rates starts at 2 
Ibs. and increases to 6 lbs. after 8 hours of service; and, 
at a 5 gal. rate the head loss rate will double. The 
lower the hardness and the slower the softening rate, 
the higher will be the efficiency attained in salt con- 
sumption. 

Rorert Spurr WEstoN, Consulting Engineer, Boston, 
Mass., in discussion, told of an experience in which 35 
p-p.m. of free CO, in a well water had caused damage 
to the zeolite and lowering of its efficiency until addition 
of 15 p.p.m. of sodium silicate and sufficient soda ash 
to raise the pH value of the raw water to 7.2 had cor- 
rected the trouble. Salt consumption had been less than 
0.4 lb. for each 1,000 grains of hardness removed. 
Zeolite softened water presented a corrosion problem 
which a readjustment to 35 p.p.m. hardness, by additions 
of raw water, had not corrected. The pH value of the 
mixed waters was not stated but was apparently under 
7, however. 


v 


The Water Supply of Bermuda 


The system which supplies the islands of Bermuda 
with fresh water was the subject of discussion at a 
recent meeting of the American Section of the Society 
of Chemical Industry, held jointly with the American 
Chemical Society, the Electrochemical Society and the 
Societe de Chimie Industrielle at the Chemists’ Club, 52 
East 41st St., New York City. 

Dr. W. D. Turner, of Columbia University, who de- 
veloped the system, presented a paper entitled “The 
Bermuda Water Works,” in which he described the 
special installation made necessary by the soil conditions 
peculiar to the islands. 

Until 1929 Bermuda had to depend entirely for fresh 
water on importations from New York or on rain water 
collected from the roofs or specially constructed catch- 
ments. This was necessary because no method had been 
found to collect underground fresh water without salt 
contamination from the sea water which permeated the 
coral structure of the islands. 

Dr. Turner, on a visit to the islands, conceived the 
idea of applying horizontal wells or infiltration galleries 
for collecting the surface waters. The system produced 
water free from salt but very hard, due to percolation 
through the coral sandstone. This system was there- 
fore supplemented by an extensive softening process, 
and the resultant soft, fresh, pure water is now being 
produced and distributed throughout the colony in a 
complete system of asbestos water mains designed to be 
resisant to the serious corrosion conditions existing in 
these subtropical sea - islands. 
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ELIMINATING AIR IN FILTERS AT WINNETKA 


By CARL LEIPOLD 


Superintendent of Filtration, 
Winnetka, IIl. 


HE accumulation of air in the rapid sand filters 
at Winnetka occurs at periods of low water tem- 
peratures (33 to 38 degrees F.). On December 13, 
1932, at the start of washing No. 1 filter, an unuauslly 
iarge amount of air came up through the filter sand. 
The filter influent water temperature for the four pre- 
ceding days was 34, 34, 34 and 33 degrees Fahrenheit. 

An investigation indicated that the pipe gallery heat- 
ing system was the cause for the unusually large amount 
of air in this filter. The filters are washed by a motor 
driven centrifugal pump which takes its suction from the 
filtered water reservoir. The pipe gallery is heated by a 
unit heater having two speeds with capacities of 246,000 
B.T.U. per hour, 1025 sq. ft. equivalent direct radiation 
and 4300 C.F.M. air delivery at low speed and 302,000 
B.T.U. per hour, 1260 sq. ft. equivalent direct radiation 
and 5740 C.F.M. air delivery at high speed with 2 Ibs. 
per sq. in. gage steam pressure. This unit heater is lo- 
cated above the wash water line (Fig. 1) with the louvres 
adjusted to throw the heat at a 45 degree angle. 

The results of the investigation showed that a 24-hour 
period had eccurred between filter washings with the 
unit heater operating at full speed. The heat applied by 
the unit heater to the wash water piping and filter effluent 
piping had changed the temperature of the stagnant 
water inside of these lines resulting in liberation of the 
dissolved gases from the water. 

Automatic air relief valves were assembled as shown 
in Figs. 1 and 2, to eliminate air in the pipe lines during 
the periods between filter washings and the periods of 
plant shut-downs. The method now used for washing 
a filter is to place the wash water pump into operation 
leaving the filter wash water valve closed for one min- 
ute which has been found to be sufficient time to force 
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Fig. 2—Cross Section Showing Automatic Air Relief Valve 
Connections 


the air out of the wash water line and through the auto- 
matic air relief valves. Any air collecting at the elbow 
on the filter side of the wash water valve, will be forced 
out, through the automatic air relief valve by the head 
of water from the filter (Fig. 2). 

The results of this assembly have shown that the heat- 
ing system used for the pipe gallery should be arranged 
to apply the heat from many small heating units rather 
than one unit only. Also, the heating units should be 
placed as far away as possible from the wash water line 
filter effluent piping and filter rate control equipment. 
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MEETING OF SOUTHEASTERN 
SECTION OF A. W. W. A. 


(South Carolina—Georgia—Alabama—Miississippi ) 


(formerly Southeastern Water Works Association ) 

held its annual meeting in characteristic fashion at 
the Partridge Inn in Augusta, Ga., on April 10, 11, and 
12. The official registration was 185 but the barbeque 
and the “speechless” dinner, followed by entertainment 
and dancing, was attended by more than 300. 


Golfing weather was tip-top in Augusta, and the tour- 
nament, being played by 50, was staged on the famous 
Augusta National Course. Low gross score, among 
active members, was made by F. W. Chapman, Supt. 
Water Works at Greenwood, S. C., while among the as- 
sociate members (manufac- 
turers representatives) A. S. 
Goss led the field. 

Officers elected for the en- 
suing year were: 

Chairman—R. E. Findlay, 
Secy.-Treas. Water Com- 
mission, Macon, Ga. 

Vice-Chairman — J. W. 
Lovejoy, Supt. Water and 
Lighting System, Lawrence, 
=~ ©. 

Secy.-Treas.—W. H. Weir, 
Engineer, State Board of 
Health, Atlanta, Ga. 

Trustees — A. Clinton 


Tite Southeastern Section of the A. W. W. A. 





Decker, Birmingham, Ala. ; 
A. J. Smalshaf, Columbus, 


Ga.: L. P. Tobin, Camden, 


R. E. Findlay, Secretary- 

Treasurer, Board of Water ». C. ; 
Commissioners, Macon, Ga., Director of the A. W. W. 
Chairman of the Section. A.—W. H. Weir, Atlanta, 


Georgia. 
Technical Sessions 

(Chairman—J. K. Marquis, Presiding) 

Considering the wonderful spring weather and the lure 
of an exceptional golf course 
the technical sessions were 
well attended. Maybe that 
was because Brother C. H. 
Hunnicutt, Chairman of the 
Macon, Ga., Water Commis- 
sion, was on the program and 
the members knew that there 
would be nothing “dry” in 
his discussion. 

“Reconstruction of the 
Riverside Station at Macon, 
Ga.”—T. E. P. Woopwarp, 
Chief Engineer, Water De- 
partment, Macon, Ga. 

Mr. Woodward described 
the pumping station and filter 
plant which the city of Ma- 
con had purchased from a 
private company, only to 





find that poor design and 
obsolescence made it neces- 
sary to reconstruct and re- 


J. K. Marquis, Superintend- 
ent, Filtration, Spartanburg, 
S. C., Retiring Chairman. 





He described a series of well planned 
improvements subject to financing from income, to be put 
through as rapidly as practicable and in order of impor- 


vamp the plants. 


tance. The first work had already been completed, with- 
out issue of bonds, at a cost of $300,000. It involved new 
raw-water pumps, reconstruction of filters, new mechani- 
cal mixing chambers (25 min. detention), chemical house, 
laboratory. Automatic boiler stokers and _ turbine 
driven pumps of 10 m.g.d. (5 m.g.d. output) for high 
service duty, previously installed, had lowered pumping 
costs and was saving thereby $8,000 per year. The new 
units consisting of three single stage De Laval pumps 
connected in series—low service water being taken off 
beyond the second pump, with the remainder passing 
through the third stage to the high service system. 

In the new underdrain system in the filters a central 
concrete manifold was employed. Corrosiveness of 
Macon water had justified use of drilled copper piping 
for laterals, at an added cost of only $50.00 per m.g.d. 
filter capacity. Metering the system 100 per cent had 
brought consumption down to 5 m.g.d. 

C. H. Hunnicutt, Chairman of Water Commission, 
Macon, Ga., praised the careful planning of the city’s 
engineers, Weideman and Singleton, and the work of 
Mr. Woodward. He said that in Macon a water main 
extension must yield a net return of at least 15 per cent 
on the investment. On the recent project they had ac- 
cumulated $190,000 in cash to spend and had gotten PWA 
assistance to the extent of $36,000—yet to be collected, 
however. Delinquent accounts (750) had mounted to 
$5,000 but by going after partial payments and the use 
of the “turnkey” the $5,000 had been reduced to $2,000. 
Some consumers responded to reason; others had to be 
treated a little rough at first. 

“Handling and Storage of Water Works Chem- 
icals’—L. L. Hepceretu, Engineer, Pennsylvania Salt 
Mfg. Co., Philadelphia, Pa. 

Mr. Hedgepeth in a thoroughly prepared paper, which 
was distributed in mimeographed form, set forth the 
physical and chemical behavior of water works chem- 
icals. Concerning ammonia and chlorine, he gave some 
timely suggestions pertaining to their handling and use. 
The major part of his talk was illustrated by lantern 
slides picturing the mechanism of liquefaction of chlorine 
gas in piping leading to chlorinators and how to avoid 
“splitting” chlorinators by preventing such liquefaction. 
Also he pictured the more common causes of blockage 
of chlorine lines and small orifices—one in particular 
being that of leaking oil from pressure gages into the 
chlorine lines. Too rapid evaporation (distillation) of 
liquid chlorine from a container would add to the chances 
of line and chlorinator fouling. He pointed out the 
great volume expansion of liquid chlorine with tempera- 
ture rise and the remarkably slight drop in temperature 
required to produce liquefaction of gas at the chlorinator 
when warmth of the chlorine container resulted in high 
pressures on the gas lines to chlorinators. On the screen 
he showed modern and approved schemes of safe and 
easy handling of one ton chlorine containers at water 
and sewage plants. 

L. H. ENs tow in discussion said that ‘liquefaction in 
chlorine lines was preventable by installing a pressure 
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control (reducing) valve near the chlorine container, 
thereby reducing the pressure below the critical (liquefac- 
tion) point for temperatures down to freezing. As safe 
practice, he would recommend that every plant procure 
and keep on hand a spare standard cylinder valve or 
two, whch could be used to replace defective or leaking 
valves if necessary. To change a valve the pressure on 
the container could be brought to a very low point by 
placing the cylinder or ton container in a salt and ice 
pack such as used by ice cream and refrigeration plants. 
Then, out of doors, the valve could be removed and a 
new one screwed in with no hazard and but little incon- 
venience. Packing with so called “dry-ice,” if available, 
was more rapid and complete in effect but required care 
to avoid frosting the hands during the handling. For 
ease and safety in handling 150 lb. cylinders Mr. Enslow 
called attention to the use of light weight hospital hand 
trucks such as are used for moving cylinders of oxygen 
from point to point (see WATER WorKS AND SEWERAGE 
Sept., 1933, p. 322). Every chlorine storage or chlorina- 
tor room should be equipped with a high capacity exhaust 
blower discharging away from the building. One or 
more dependable gas masks should be kept in a handy 
location outside the chlorine room. In case of exposure 
to chlorine the patient would find breathing of benzoin- 
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T. E. P. Woodward, Chief L. L. Hedgepeth, Engineer, 
Engineer, Water Depart- Pennsylvania Salt Mfg. Co., 
ment, Macon, Ga. Philadelphia. 


steam vapor very soothing. The treatment is the same 
as that used as an old family remedy in croup and other 
respiratory troubles. A bottle of tincture of benzoin 
was a useful thing to have on hand in the first aid kit. 


Round Table Topics 


“Open vs. Closed Reservoirs’—IraANK W. CHAP- 
MAN, Supt. Water Works, Greenwood, S. C. 

Mr. Chapman told of troubles with algae which had 
been eliminated by covering an open reservoir with light 
weight corrugated asbestos roofing and guniting around 
the sides. He had become an advocate of covered clear 
water reservoirs which had other advantages aside from 
elimination of algae. 

RHETT PRINGLE, Supt., Water Works, Thomasville, 
Ga., had algae troubles which had been eliminated less 
expensively by carrying residual chlorine in the open 
reservoir. 

J. L. Hawkins, Assistant Superintendent at Green- 
ville, S. C., reported success also with chlorination in- 
volving the use of ammonia in ratio of a 0.25 p.p.m. 
NH, and 0.4 p.p.m. chlorine. Others, however, had not 
had the same success. 

H. W. ScuHumpPert, Superintendent at Newberry, 
S. C., remarked that ammonia regulation was important 
in algae control—too much causing an increase in algae 
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growth if the proper residual chlorine was not provided 
or after the chlorine had been used up. 


“Carbon Dioxide Removal and Corrosion”—H, F. 
WIEDEMAN, Consulting Engineer, Atlanta, Ga. 

Mr. Wiedeman discussed the mechanics of corrosion 
and tuberculation of water mains. Alkalinity, carbon 
dioxide and oxygen were the important factors to con- 
sider in corrosion control, the latter possibly being blamed 
for more than its fair share of corrosion. The simplest 
correctives for corrosion were the removal of carbon di- 
oxide by aeration, addition of alkali or both. Complete 
corrosion control would be best secured by keeping the 
water from contact with the metal by use of pipe coat- 
ings or linings or laying down a carbonate film by in- 
creasing the hardness and alkalinity of the water. He 
discussed various aeration schemes, nozzles, step aera- 
tors and diffused air, such as provided by porous media 
or the Aeromix device. The passage of soft waters 
through crushed limestone beds (35 minute contact) con- 
stituted another scheme of taking out free carbon dioxide 
and adding hardness in corrosion control. 

Jas. E. Gipson, General Manager, Water Commission, 
Charleston, S. C., said that waters lower than 40 p.p.m. 
in alkalinity and 30 in hardness would give corrosion 
troubles even when the pH was increased to 8.4 or some- 
what higher. Cement lined mains and copper service 
piping were advocated in such instances, where the in- 
creasing of alkalinity would not prove sufficient. They 
at Charleston used caustic soda to raise the pH and an 
aerator employing low head (3 ft.) Yarway involute 
type nozzles had been installed to reduce odors and CO, 
in the raw water after alum and sodium aluminate addi- 
tions. Copper sulphate was added to the raw water at 
times also. “Nuchar” activated carbon was employed to 
stabilize sludge and assist in taste control. Prechlorina- 
tion was practiced to improve coagulation. The filter 
effluent would show a color of 5 p.p.m. which upon ex- 
posure to sunlight in an open reservoir increased to 
15 p.p.m. 

“Improved Designs and Painting of Elevated 
Tanks”’—Joun M. Perryman, Engineer, R. D. Cole 
Manufacturing Company, Newman, Ga. 

Mr. Perryman pointed out improved design features 
in recent elevated tank installations which embodied im- 
provement in appearance of these utility structures at 
little if any added cost. His talk was illustrated by 
specific installations to show pleasing and unusual tank 
design embellished by flood light effects from beneath. 
Recent economy in tank design, with improved appear- 
ance, had resulted from reduction of depth and improved 
top as well as bottom design. One interesting design 
consisted of a sperical tank of 30 ft. diameter (100,000 
gals. capacity) mounted on a pedestal of 15 ft. diameter 
at its base which housed the pumping station. While 
failure of elevated tanks in catastrophies was rare, he 
stated that the faulty foundation of one tank at an in- 
dustrial plant had been responsible for the death of sev- 
eral men. A 10 year sentence is now being served by 
the engineer responsible. 

Mr. GiBson said that an outgrown distribution system 
could be materially benefited by installation of an ele- 
vated tank as near its center as practicable. The tank 
of 2 m.g. capacity in Charleston had been a lifesaver. 

Mr. PERRYMAN had found the most satisfactory paint 
job on tanks to consist of thorough cleaning with wire 
brushes to the bright metal followed by red lead priming 
coats and aluminum paint as the finishing coats. He 
warned against using an asphalt base aluminum paint. 
The asphalt would creep through to the surface in time 
and spoil the appearance of the job. 


S. C. Hamitton, Chicago Bridge and Iron Works, 


























Water Works and Sewerage—May, 1934 


Columbia, S. C., said that olive green and bronze paint 
had been very effectively used to subdue and harmonize 
elevated tanks with their surroundings. Specifications 
for painting tanks and standpipes had been drawn by a 
committee of the New England and the American Water 
Works Associations and copies were available. 

Mr. Gisson remarked that some study had been given 
the matter before painting the Charleston tank. They 
had decided on the hot application of Bitumastic com- 
pound. The manufacturers (Wailes, Dove, Hermiston 
Company) had applied a coating 1% inch thick to the 
inside ot the tank in June, 1926, and recent inspection 
had shown it tc be as good as when put on. The exterior 
had been painted with an aluminum-bakelite varnish to 
give long service and improved appearance. 

M. C. Smiru, Engineer of Water and Electricity, 
Richmond, Va., called attention tc the thorough tests of 
paints for tank interiors which had been conducted by 
the Pittsburgh Des Moines Steel Company. The rating 
of paints and coatings had been published in a recent 
bulletin put out by this company. Highest ratings went 
to paints with a bakelite varnish base and to Bitumastic 
coatings, applied hot. 

The “Round Table” was closed with a discussion of 
“Handling Customer Complaints” led by L. E. Findlay 
of Macon, Ga., in which it was apparent that kind words 
turneth away much wrath and that a little money spent 
in tidying up and beautifying water works properties did 
perhaps more than any one thing to build up good will 
of the public toward the utility. Mr. Gibson pointed out 
that experiences at Charleston had demonstrated this fact 
repeatedly. 


Soil Corrosion Studies 


“Underground Corrosion in the Southeastern States” 
—K. H. Locan, Engineer, Bureau of Standards, Wash- 
ington, D. C. 

Mr. Logan stated that localized underground corro- 
sion could be explained most easily by variations in the 





“Beek” Little, Secretary, 

A.W.W.A., and “Bill” Weir, 

Secretary and Director, 
Southeastern Section. 


H, F, Wiedeman, Consulting 
Engineer, Atlanta, Ga, 


oxygen supply in contact with the metal, rather than to 
inherent differences in the structures or variations in im- 
purities in the metal. Unrecognized conditions modify 
rates of corrosion and may readily mislead one in draw- 
ing conclusions as to resistance of various metals to soil 
corrosion because, a test under different conditions might 
asily reverse the earlier decision. Underground cor- 
rosion proceeding rapidly at the start slows down mate- 
rially and the corrosion rate curve flattens out due to 
protective corrosion products and then becomes propor- 
tional to time. Higher temperatures, higher moisture 








Waiting for “Chow” at the Barbecue: M. H. Collins (Louisville, 
Ky.) Listens with Interest to J. E. Gibson (left) Telling How 
It Was in Those Days. 


content and greater acidity are favorable to increasing 
corrosicn rates. To reduce corrosion losses, protective 
coatings appear sounder economically than attempting to 
substitute the more costly resistant metals. For ferrous 
pipes, zinc, cement and bituminous coatings are the most 
effective. Cathodic protection of pipe lines, insulated 
from the soil, constitutes a new method now receiving 
favorable comment. 

Localized corrosion may best be explained by the set- 
ting up of differences in electric potential at the metallic 
surface. 

“Flow of Small Streams”—B. M. Ha tt, Jr., Engi- 
neer-Examiner, P.W.A., Atlanta, Ga. 

Mr. Hall outlined methods commonly employed in 
measuring stream flows with particular reference to small 
streams. Various types of weirs and current meters 
were discussed as were the best methods to pursue in 
taking flow measurements. 

Other papers* presented were: 


“Putting Plan Into Our Future’—H. T. McIntosh, 
Regional Chairman, National Planning Board, Albany, 
Ga. 

“Trends in Stream Pollution Research and Control”— 
J. K. Hoskins, U. S. P. H. S., Cincinnati, Ohio. 

“Methods of Sewage Treatment—Their Object and 
Utility’-—M. T. Singleton, Consulting Engineer, At- 
lanta, Ga. 





v 


Harry R. Hall Elected Chairman of 4 
States Section A. W. W. A. 


The following were named officers of the 4 States 
Section of the A. W. W. A. at its recent meeting held in 
Philadelphia : 

Chairman—Harry R. Hall, Asst. Chief Engr., Wash- 
ington Suburban Sanitary District, Hyattsville, Md. 

Vice Chairman—W. Compton Wills, Supt. Water 
Works, Wilmington, Del. 

Sec’y.-Treas.—Chas. H. Becker, R. D. Wood Co., 
Philadelphia, Pa. 

Trustee—W. R. 
N, J. 

Trustee—H. M. Freeburn, District Engr., Penna. 
Dept. Health, Philadelphia, Pa. 


*With apologies to the authors, we regret our inability to report 
their papers in the space available.—Editor. 


Conard, Cons. Engr., Burlington, 
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IN WATER CONSUMPTION 


By CHARLES H. CAPEN, JR. 


Consulting Engineer, West Orange, N. J. 


URING times of pros- 
D perity, any increase in 

the use of various 
commodities is emblazoned at 
the top of columns in the 
stock market reports of news- 
papers and periodicals. The 
same is true of the use of 
electric power, gas production 
and other utility statistics. 
When financial conditions 
cause a recession in the use 
of all these items, the de- 
crease is not given such wide 
advertising. 

In the water works field, 
due mainly to the fact that 
the preponderance of owner- 
ship is in the hands of mu- 
nicipalities, the actual con- 
sumption and earnings are 
given little notoriety. For the 
purpose of drawing attention 
te the effect of the recent depression on the consumption 
of water, curves have been drawn and are herewith pre- 
sented for the purpose of picturing the parallel that can 
be drawn between the water supply business and general 
business conditions. 

The figures used to produce this evidence were taken 
from records of various supplies in the northeastern 
part of New Jersey. There are in this territory 39 in- 
dividual water supplies delivering water to 150 separate 
municipalities which vary from strictly residential com- 
munities to large industrial cities. 

At the close of the business recession of 1921, water 
consumption in this area started a rapid and uninter- 
rupted series of yearly increases, up to and including 
1929. Compared with the 1929 level, the volume of 
water used in 1930 showed a reduction of only about 
one per cent, in 1931 nearly 7 per cent, in 1932 12% 
per cent and in 1933 about 18 per cent. 

In the absence of further data, it might be inferred 
that decrease was still in progress at the end of 1933. 
In order to determine the exact status, however, a 
monthly analysis is necessary. Figure 1 pictures in com- 
posite form the water consumption in areas served by 
the twelve largest works and represents about 75 per cent 
of the total water supplied the district. (Certain omis- 
sions have been made in the case of some of the munici- 
palities served by these twelve sources as special condi- 
tions occurred there which would distort the conclusions 
as to the general trend.) Here it may be clearly seen 
that up to the month of October the consumption in 
1933 was following a definitely lower course than in 
1932. Then a noticeable change occurred and since that 
date a definite turn toward an increase in consumption 
has been noted. 

Unquestionably the severely cold winter of 1933 and 
1934 had a marked effect in advancing the rate of do- 
mestic water consumption in the last few days of 1933 
and the first quarter of 1934. Faucets left running to 
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prevent freezing had their influence. To discount this 
at a time of increasing consumption is a problem which 
cannot be accurately solved but is susceptible of some 
approximations. 

In order to compensate for the effect of cold weather, 
the figures for some of the suburban communities, where- 
in the rates of consumption in 1933 were almost identical 
with those of the preceding few years, were studied. 
These indicated that the average increase in the first 
quarter of 1934 over the corresponding period in 1933 
was 5 per cent, this increase being truly attributable to 
cold weather conditions. After having examined records 
and discussed the matter with various water works men 
in the territory, it is the conclusion of the writer that an 
increase of not more than 8 per cent would represent the 
normal average cold weather effect in the district. 

Having arrived at this conclusion, it is then possible 
to view the records without being misled by abnormal 
conditions. Table I, covering several supplies, shows 
the average rates of consumption for the first quarter of 
the years 1932, 1933 and 1934. One of these, Fast 
Orange, is almost wholly a residential community. Of 
the others, all supply some industrial areas. Assuming 
a cold weather effect of 8 per cent, it becomes evident 
that the net consumption for the first quarter of 1934 
is from 2 to 15 per cent, greater than for the correspond- 
ing period in 1933. 

The case may be rested here: [Further comment is 
scarcely necessary except to point out that in a statement 
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Fig. 1—W ater Consumption in Areas Served by 12 
Largest Works. 

















Water Works and Sewerage—May, 1934 





TABLE I—WATER CONSUMPTION OF 
VARIOUS SUPPLIES IN NORTH- 
EASTERN NEW JERSEY 

Average Million Per Cent 

Gallons per day Increase 

for first quarter of 1934 over 
Supply 1932 1933 1934 1933 
ORME 5 a nica siaaicewis 4.63 4.58 4.81 4.9 
Elizabethtown Water Co... 7.41 7.81 9.56 22.4 
Hackensack Water Co..... 31.6 30.2 33.3 10.2 
Jersey City ............--. 55.9 50.3 57.8 14.8 
Middlesex Water Co...... 5.7 5.06 6.23 23.1 
ER Serer errr 48.4 46.6 54.0 15.9 
New Brunswick .......... 5.58 5.19 6.31 21.6 
Perth Amboy ............. 4.49 4.42 5.18 17.2 
Plainfield-Union Water Co. 4.96 4.78 5.30 10.8 
NI osc Cusmbasidwaerte 168.70 158.94 182.49 14.8 





appearing in the newspapers, it was shown that telephone 
installations in New York City started to show an in- 
crease in September, 1933; and, the use of gas and elec- 
tricity increased similarly at about the same time. 

The following conclusions may be drawn: 


(1) Water consumption serves as a barometer of busi- 
ness conditions, just as does the consumption of com- 
modities and the products of other utilities. 

(2) The decrease and increase is primarily a function 
of changing industrial consumption of water. 

(3) The corner has been turned in water consumption. 


v 
Corrosion Survey for Pipe Lines 


In a paper entitled “Corrosion Surveys for Pipe 
Lines and Distribution Systems,” presented at the dis- 
tribution conference of the American Gas Association 
in Detroit on April 10 by Scott Ewing, an attempt is 
made to determine whether or not any of the methods 
which have been proposed for locating corrosive soils are 
sufficiently reliable to be recommended for general use. 
The Technical News Bulletin for April briefs the paper 
as follows: These methods may be divided into 3 gen- 
eral classes: (1) electrical methods, in all of which the 
soil resistivity is the most important factor; (2) chem- 
ical methods, of which the measurement of soil acidity 
is the only one considered in this paper; and (3) soil 
classification methods which include field examination 
of the soil, the topography, drainage, vegetation, etc. 

A method of treating the data has been devised 
whereby, with assumed coating and repair costs, the 
saving which could have been effected by coating certain 
parts of the line at the time the line was laid can be 
determined. Any of the proposed survey methods may 
be tested on an old line the corrosion history of which 
is known. 

The data upon which this report is based include su- 
perficial surveys of 2 large gas distribution systems 
and a rather detailed survey of about 1,000 miles of 
transmission lines, for which accurate repair records 
had been kept. 

The results show that the most accurate method for 
making a corrosion survey includes mapping the soil 
types and collecting samples upon which acidity and 
resistivity measurements are made. 

_ The report describes the procedure to be followed 
in making the survey for a new pipe line, and the 
method of determining where coatings should be applied. 
It is believed the method could be used in most mid- 
western, eastern, and southern soils, but it will cer- 
tainly require modification in western soils. 








The Drought in England 


According to a special article in the New York Times, 
the chairman of the London Water Board has caused 
a letter to be sent to more than a million householders, 
warning them that unless they cooperate voluntarily with 
the board in cutting down the consumption of water, 


‘special measures will have to be taken to avert a water 


famine in the metropolis. 

Water has become a precious thing in England. For 
more than a year no rain of importance has fallen. The 
drought comes on top of a long rainless period of a year 
earlier. The government has asked Parliament for 
emergency powers, overriding local authorities and per- 
mitting national control of the British water supply. 
The prolongation of the drought may place England in 
the situation of Egypt. 

It is seventy-six years since there has been such a 
scarity of water in the realm. Unless rain falls soon 
in torrents and for several weeks on end, people in many 
towns and villages will have to give up baths, and the 
watering of cattle will become a problem. 

The response to the appeal of the water board has 
been typically British. Plumbers have been busy with 
requests to attend to leaking taps, hose pipes have been 
employed less, and bathing has been on a less extrava- 
gant scale. This is proved by the fact that in a week’s 
time the London consumption, normally 300 million gal- 
lons a day, was reduced by nearly 10 per cent. The 
board has expressed its gratification with the result. It 
hopes that in these circumstances it will not be neces- 
sary to restrict the use of water further for three or 
four months to come, at least. 


March, 1933, was the last month when the rainfall 
was normal. Since then, especially in the Western 
counties, only slight rains have fallen, and, generally, 
there have been five periods of absolute drought, lasting 
from sixteen days to a month. The government intends 
to spend about a million pounds on various plans for 
the storage and better distribution of water supplies. 
Water is being nationalized. 

In 1921 England had a foretaste of the present 
drought, yet conditions then were not severe as they 
are now, because reserves had accumulated in the soil 
in a series of rainy years. But 1934 comes as the cul- 
mination of a number of dry years. 


Vv 
W. W. Brush to Retire After 40 Years’ Service 


W. W. Brush has announced his intention to retire 
from the position of Chief Engineer of the Bureau of 
Water Supply of New York City on June lst. Mr. 
Brush has been in the service of the city as water supply 
engineer for a period of 40 years, having served as 
deputy and then Chief Engineer for the past 24 years. 

Mr. Brush has become an outstanding authority on 
water supply practices and has also served the American 
Water Works Association, of which he has been treas- 
urer for a number of years, in many important ways. 


v 


ContTRACT TO Be Let Soon ror GRAND Coulee Dam. 
—The Columbia Basin Commission will open bids on 
June 18 for the construction of the Grand Coulee dam 
and power plant of the Columbia Basin Project, Wash- 
ington. The work is located near Almira, Wash., and 
will require 11,450,000 cu. yds. of open cut excavation 
and 3,260,000 cu. yd. of concrete. 
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AMERICAN WATER WORKS ASSOCIATION 


54th Annual Convention, June 4 to 8, 1934—Hotel Commodore, 


Headquarters, New York, N. Y. 


Program 
MONDAY FORENOON 


Registration. 
East Ball Room. Conference on Proposal for Code for 
the Water Supply Industry. 
Room B. Presiding Officers of Sessions. 
Main Session, East Ball Room 


Opening of Convention. Matcotm Pirnier, President. 
Announcement of Officers, Reports, Award of Medals 
and Prizes. 


*8 :00 
9:00 


10 :00 


11:00 


MONDAY AFTERNOON 
Main Session, East Ball Room 


2:00 Plant Management and Operation Division. 
Cart A. HecHMerR (Chairman), Dept. Engr., Mainte- 
nance and Operating Dept., Washington Suburban 
Sanitary District, Hyattsville, Md. 


Superintedents’ Round Table Diseussion. 


MONDAY AFTERNOON (Continued) 
Water Purification Division, West Ball Room 


Georce D. Norcom (Chairman), Federal Water Service Corp., 
New York, N. Y. 
2:00 Special Conference. 
Report of Committee on Specifications and Methods of 
Analysis for Water Purification Chemicals. 
MatHew M. Braipecu (Presiding), Senior Chemist, 
3aldwin Filtration Plant, Cleveland, O. 
Discussion by: 
A. M. Buswetit, Cart J. Lauter, WILLIAM 
WaLtace, Lewis I. BrrpsAL_, Aucust G. Notte. 
**5:00 Room B. Board of Directors. 


M. 





*Registration desk opens Sunday evening. Congestion and de- 
lay to members can be avoided by registration in advance by 
mail. All members will receive cards by mail. 

**First meeting of the Board of Directors will be held at 8:00 
p. m. Sunday. 


MONDAY EVENING 
Dinner. “Service des Eaux.” 
Informal Reception and Dance. 


6 :30 
9 :00 East Ball Room. 
TUESDAY FORENOON 
Main Session, East Ball Room 

Features of New York City’s Water Program. 
Wm. W. Brusu, Chief Engineer, Dept. of 
Supply, Gas and Electricity, New York, N. Y. 

Discussion led by: 

THADDEUS MERRIMAN, Chief Engr., 
Supply, New York, N. Y. 

Pipe Corrosion Experiments, Catskill Supply, New York 

City. 

Frank E, Hate, Director of Laboratories, Dept. of 
Water Supply of New York City, Brooklyn, N. Y. 

Water Works and the P. W. A. Outlook. 

Wittarp T. CHEVALIER, Publishing Director, Engineer- 
ing News-Record, New York, N. Y. 

Discussion led by: 

Ase WoLtMAN, Chief Engr., State Dept. of Health, 
3altimore, Md. 


Water 
SJoard of Water 


10:15 


11:00 


TUESDAY FORENOON (Continued) 


Finance and Accounting Division, West Ball Room 


E. E. Banxson (Chairman), J. N. Chester Engineers, 


Pittsburgh, Pa. 
9:30 Changes in Federal Tax Laws Affecting Water Com- 
panies. 
Louis D. Bium, Certified Public Accountant, New 
York, N. zo 
10:00 Taxation as Applied to Municipally Owned Water Works. 


A. C. Kampratin, Meter Service Co., Valparaiso, Ind. 
Discussion led by: 
E. J. Fricker, Hackensack Water Co., Weehawken, 
Ne J. 


10 


10: 


10: 
:00 


bo 


bo 


e 
w 


:40 


30 


:00 


:40 


:20 


:00 


:00 


:30 


:00 


:30 


A Property Record for Investment in Fixed Capital. 
F. C. Hamitton, Member of Executive Committee, 
Henry L. Doherty Co., New York, N. Y. 

Discussion led by: 

C. J. Atrxe, Comptroller, Hackensack Water Co, 
Weehawken, N. J 

Work Incentives. 

Hat Smiru, Supt., Water Consumer Accounts, Dept. 
of Water Supply, Detroit, Mich. 

Mechanical Aids to Scientific Office Management. 

W. P. Apams, Public Utilities Div., Burroughs Adding 
Machine Co., Detroit, Mich. 

Luncheon. Finance and Accounting Division. 

Speaker, E. E. BAnxson, Future Work of the Division, 

Election of Officers. 


TUESDAY FORENOON (Continued) 

Room A. Committee on Boiler Feed Water Studies. 
SHEPPARD T. Powe_t (Chairman), Cons. Chem. Engr., 
Baltimore, Md. 

Trip for Ladies to Macy Store. 

Ladies’ Luncheon Bridge. 

TUESDAY AFTERNOON 
Main Session, East Ball Room 

Direct Purchase of Materials for Construction Contracts 

Versus Purchase Through Contractor. 

PauL Hansen, Greeley & Hansen, Hydr. and San. 

Engrs., Chicago, III. 
Discussion led by: 

L. R. Howson, Alvord, 

Engrs., Chicago, III. 

New Questions of Law and 

Rates for Water Service. 

W. L. Ranson, Attorney-at-Law, New York, N. Y. 
Recent Tendencies in Relation to Valuation of Water 
Rights. 

Rosert E. Horton, Cons. Engr., Voorheesville, N. Y. 
Discussion led by: ; 

CHARLES W. SHERMAN, Metcalf & Eddy, Cons. Engrs., 

Boston, Mass. 

Tests of Friction Loss in Distribution Piping. 

Burt B. HopcmMan, National Water Main Cleaning 

Co., New York, N. Y. 

Discussion led by: P 
Epncar K. Witson, Chief Engr., Pitometer Co., New 
York, N. Y. 

TUESDAY AFTERNOON (Continued) 

Water Purification Division, West Ball Room 
Determination of Odors and Tastes in Water by the Air 
Dilution Method. 

Gorpon M. Farr, Assoc. Prof. of San. Engineering, 

Harvard University, Cambridge, Mass. 

Discussion led by: 

M. Warren Cow es, San. Engr., Hackensack Water 

Co., New Milford, N. J 


Occurrence and Control of Iron Bacteria in Water Sup- 

plies. 

KENNETH W. Brown, San. Engr., California Water 
Service Co., Stockton, Calif. 

Discussion led by: 

Frank E. Hate, Director of Laboratories, Dept. of 
Water Supply of New York City, Brooklyn, N. Y. 
The Spectographic Analysis of Water. 2 Sd 
MatHew M. Bramecnu, Senior Chemist, Baldwin Fil- 

tration Plant, Cleveland, O. 

Discussion led by: I : 
Epwarp Bartow, Prof. of Chemistry and Chem. En- 
gineering, University of Iowa, Iowa City, Ia. 

Report of Committee on Testing Zeolites. 
Cuartes P. Hoover (Chairman), Chemist, Filtration 
Plant, Columbus, O. 

Discussion led by: : se ; 
Jack J. Htnman, Jr., Assoc. Prof. of Sanitation, Uni- 
versity of Iowa, lowa City, la. 


Burdick & Howson, Cons. 


Policy in the Making of 
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4:00 Report of Committee on Filtering Materials. 


Frank W. Herrine (Chairman), Asst. Editor, Engi- 
neering News-Record, New York, N. Y 

Discussion led by: 
G. GALE Drxon, Cons. Engr., Youngstown, O. 


TUESDAY EVENING 
Water Purification Division. 
WEDNESDAY FORENOON 
Main Session, East Ball Room 
Plant Management and Operation Division 
Outstanding Factors in Underground Water 
Surveys. 
Frep B. Netson, C. E., Dept. of Water Supply, New 
York, N. Y. 
Discussion led by: 
Justus B. Eppy, Engr., Water Pipe Extension, Chi- 
cago, Ill. 
Thawing Frozen Service Pipes. 
Reeves J. Newson, Pres. Community Water Service 
Co., New York, N. Y. 
Discussion led by: 
J. ArtHUR JENSEN, Supervisor, Water Works Dept., 
Minneapolis, Minn. 
Superintendents’ Round Table Discussion. 


WEDNESDAY FORENOON (Continued) 
Water Purification Division, West Ball Room 
SYMPOSIUM ON CHLORINATION 
A. The Mechanics of Chlorination 
Equipment for the Application and Control of Chlorina- 
tion in Small Water Supplies. 
CuHarLes R. Cox, Assoc. Engr., State Dept. of Health, 
Albany, N. Y. 
Handling Chlorine to Avoid Trouble. 
L. L. Hepceretu, Mgr., Technical Service Dept., Penn- 
sylvania Salt Manufacturing Co., Philadelphia, Pa. 
Discussion led by: 
CHARLES E. TrowsrinpGe, San. Engr., American Water 
Works & Electric Co., Inc., New York, N. Y. 


B. The Ammonia-Chlorine Process 


Dinner. 


Waste 


Review of the Status of the Ammonia-Chlorine Process. 
M. C. Situ, Engineer in Charge, Bureau of Water 
and Electricity, Richmond, Va. 

A Study of the Efficiency of the Ammonia-Chlorine 

Process. 

AtrMoreE E, GriFFiIn, Chemist, Wallace & Tiernan, Inc., 
Belleville, N. J. 

Discussion led by: 

Harry E. Jorpan, San. Engr., Indianapolis Water Co., 
Indianapolis, Ind. 


Cc. The Orthotolidine Test for Residual Chlorine 
Application and Limitations 

Interference of Manganese with the Orthotolidine Test. 
A. M. Buswe tt, Chief, State Water Survey Division, 
Urbana, Il. 

Interference of Forms of Nitrogen with the Orthotoli- 

dine Test. 
Roserts HutLpert, Senior Chemist, Filtration Plant, 
Detroit, Mich. 

Discussion led by: 
C. A. Hotmgutst, Director, Div. of Sanitation, State 
Dept. of Health, Albany, N. Y. 

A Review of the Entire Discussion. 
Linn H. Enstow, Editor, Water Works AND SEWER- 
AGE, New York, N. Y. 


General Discussion. 


WEDNESDAY AFTERNOON 
Joint Session of General Membership and Water 
Purification Division, East Ball Room 

Coagulation with Iron Compounds. 

A. P. Brack, Prof. of Chemistry, 

Florida, Gainesville, Fla. 
Discussion led by: 

Rosert W. Sawyer, with 

Engr., New York, N. Y. 
Amebic Dysentery in Relation to Water Purification. 

THORNDIKE SAviLLE, Prof. of Hydr. and San. Engi- 

neering, New York University, New York, N. Y. 
Significant Features of the Chicago Amebic Dysentery 
Outbreak. 


University of 


Malcolm Pirnie, Cons. 


4:00 


bo 


:00 


2:40 


9 :30 


10 :40 


11:00 


10 :30 


2:35 


6:00 
9 :30 
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A. Engineering. 


Joe. I. Connotty, San. Engr., Bureau of Engineering, 
Chicago, II. 

B. Epidemiology. 

ArTHUR E. GorMAN, Engr. of Filtration, Bureau of 
Engineering, Chicago, III. 

Discussion of above three papers led by: 

AseL WoLMAN, Chief Engr., State Dept. of Health, 
Baltimore, Md. 

Round Table Discussion on Taste and Odor-Control. 
Joun R. Bayuis (Leader), Physical Chemist, Bureau 
of Engineering, Chicago, Ill. 

Discussion by: 

A.rrep Eckert, Supt. of Filtration, Water Works, 
Saginaw, Mich. 

GeorceE R. Sparpinc, Asst. Supt. of Filtration and 
Sanitation, Hackensack Water Co., New Milford, N. J. 
NorMAN J. Howarp, Director of Water Purification, 
Island Filtration Laboratories, Toronto, Ont., Canada. 


WEDNESDAY AFTERNOON (Continued) 


Finance and Accounting Division, West Ball Room 


Financial History of Water Department of City of New 
York. 
JosepH GoopMAN, Asst. Engr., Bureau of Water Sup- 
ply, New York. N. Y. 
Discussion led by: 

Joun H. Murpocu, Jr. (Pres., Pennsylvania Water 

Works Association), Uniontown Water Co., Washing- 

ton, Pa. 

Uniform Classification of Accounts Suitable for Munici- 
pal and Private Plants. 

E. V. WiLLiamson, Public Utility Accountant, Charles- 

ton, Va. 
Discussion led by: 

F. W. Scuutz, Asst. Treas., 
Service Co., New York, N. Y. 
Federal Securities Act in Relation to the Financing of 

Water Companies. 

Berne H. Evans, Attorney-at-Law, Harrisburg, Pa. 
Effective Publicity as a Means of Eliminating Water 
Waste. 

H. L. Mertes, Supt., Bureau of Water, Dept. of Public 

Works, Chicago, II. 


WEDNESDAY EVENING 
Theater Party. Radio City Music Hall. 


THURSDAY FORENOON 
Main Session, East Ball Room 
Milwaukee’s Water Purification Problem. 
J. P. Scuwapa, City Engr., Milwaukee, Wis. 
Discussion led by: 
Joun R. Baytis, Physical Chemist, Bureau of Engi- 
neering, Chicago, III. 
Automatic Pumping Equipment and Telephonic Supervi- 
sion at Baltimore. 
Leon SMALL, Water Engr., City Water Dept., Balti- 
more, Md. 
(Discussion deferred until after succeeding paper.) 


Telemetering—The Electrical Transmission of Gage and 
Meter Readings. 
P. S. Witson, Cons. Engr., Glen Ridge, N. J. 


Discussion of above two papers led by: 
Representatives of GENERAL ELectric Co.; J. West- 
Forp Cuter, Wallace & Tiernan Co., Newark, N. J.; 
and D. J. Purpir, Builders Iron Foundry, New York, 
Meo Y, 


Trip for Ladies to Macy Store. 
THURSDAY AFTERNOON 
Boat Ride. 
THURSDAY EVENING 
Room B. Board of Directors. 
Smoker, Ladies Invited. Main Dining Room. 
FRIDAY 


Community Water 


Trip by bus to Kensico and Croton Dams—leaving 10 a. m., 
return to hotel 5:30 p. m. Luncheon will be served at “The 
Farm” on the Bronx River Parkway. 

MORE INSTRUCTIVE AND BETTER EXHIBITS 

Manufacturers, in displaying their products, are featuring new 
ideas and vying with one another to make their exhibit the 
most instructive of the lot. 
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MATERIALS 


FOR RAPID SAND FILTERS 
PART 2 
A New Method for Determining the E ffective Size of Sand 


By JOHN R. BAYLIS* 


Physical Chemist, Bureau of Engineering, Chicago. 


REVIOUS efforts to modify the Hazen method of 
P determining the effective size of sand for rapid 

sand filters was briefly reviewed in the first of this 
series of articles.. Several suggested modifications have 
received consideration within the past fifteen or twenty 
years, but none of them seemed to offer a worthwhile 
improvement over Hazen’s method and were never 
adopted. Consequently nearly every one adheres to the 
“effective size” and “uniformity coefficient,” as defined 
by Hazen, for specifying sand, even though there may 
be other stipulations in the specifications. Any substitute 
for this method which may be offered at the present time 
must have an abundance of evidence to show that the 
proposed method is better. The method should not be 
complicated, should not differ so widely from the Hazen 
method that past work cannot be compared fairly ac- 
curately with the new method, and it must give the true 
effect of the size and uniformity of the sand on filtra- 
tion. It is believed that the method which will be de- 
scribed meets these requirements. It makes use of 
sieves for determining the size of the sand grains and 
in this respect is the same as the method Hazen used, 
but it takes into consideration a combination of sand sizes 
for determining the effective size. 


The New Method 


Sieving—Dry a representative sample of the sand 
which has been washed clean, divide into halves, and 
keep dividing one of the portions until a portion weigh- 
ing about 100 grams is obtained. Weigh the portion and 
place on sieves which have been nested according to size. 
A convenient set is composed of sieves having 10, 16, 
20, 24, 30, 40, 50, 60, 80 and 100 meshes to the inch. 
The exact number of sieves used and the sizes of the 
openings is not important so long as the difference be- 
tween the size of the openings in a sieve and that of the 
sieve of next larger size is not too great. The sieves 
should be calibrated by use of the Hazen method. The 
finest sieve used should not pass more than 0.5 per cent 
of the weight of the sample. 

Shake by hand about one-half minute and remove from 
the nest of sieves any of the coarser sieves which do not 
retain any of the sand. Then, shake the sieves in a 
shaking machine for some specified time. The time 
should be at least 10 minutes, and 15 minutes is prefer- 
able. It is important that the time of shaking be at 
least that employed in calibrating the sieves by deter- 
mining the size of the largest sand grains passing each. 

Weighing and Plotting the Weights—Weigh the por- 
tions of sand retained on each sieve and total the amount, 
which should be the same as the weight of the portion 
taken for the test. Determine the percentage of the sand 
which will pass each individual sieve. This is done by 
adding the weights of the material which has been caught 





*Associate Editor, WATER WoRKS AND SEWERAGE. 
1This is one of a series of three articles dealing with filtering 
materials. The first anpeared in the April issue.—Zditor. 








TABLE I.—SIEVE ANALYSIS OF MUSCATINE 
SAND PLACED IN FILTER D X-2 
(September 4, 1933) 


Total 
Grams Grams Per Cent 
Retained Passing Passing 
Sieve on Sieve Sieve Sieve 
10 0.0 100.6 100.0 
16 0.0 100.6 100.0 
20 3.4 97.2 96.5 
24 27.6 69.6 69.3 
30 52.2 17.4 17.3 
40 15.6 1.8 1.8 
50 1.6 2 Pr. 
Less than.... 50 Z 
1 Per Cent Size .400 mm. dia. 
2 Per Cent Size .435 mm. dia. 
4 Per Cent Size .457 mm. dia. 
8 Per Cent Size .500 mm. dia. 
16 Per Cent Size .550 mm. dia. 
32 Per Cent Size .615 mm. dia. 
64 Per Cent Size .730 mm. dia. 
Average of 1 to 16 per cent diameters.............. 470 mm. 
Average of 1 to 32 per cent diameters.............. 495 mm. 
Per cent of material of diameter lass than 1.5 times 
Ce Ee COE BOE, ovo in cmc sh oic wo mee baie oo cerelas : 
Diameter of effective size of the sand.............. 489 mm. 


on all sieves of finer mesh. Table 1 shows sieving an- 
alysis of a typical filter sand. 

Plot the percentages passing the sieves on coordinate 
paper with the diameter in millimeters of the sieve open- 
ing (this is the diameter of the largest size grains which 
will pass the sieves) as one axis, and the percentage 
passing as the other axis. Use ordinary coordinate, 
logarithmic, or logarithmic-probability paper. As the 
latter usually gives a nearly straight line for most sands, 
it probably is the better to use. Pass a line through the 
points. Figure 1 shows plotting of the sieving analysis 
recorded in Table 1. From the graph determine the 
1, 2, 4, 8, 16, 32 and 64 per cent sizes. In referring to 
a certain per cent size, it means that the material con- 
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Fig. 1—Plotting Filter Sand Analysis in Table I. 
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tains this percentage by weight finer than the diameter 
to which reference is made. The 1 per cent size means 
that 1 per cent of the weight is finer. 

Determining the Effective Size of Sand for Rapid 
Sand Filters—The 1 per cent size of the sand shown 
in Table 1 is 0.400 mm. diameter. Multiply this figure 
by 1.5 (1.5 & .400 = .600), and find the percentage of 
sand finer than this size, which in this case is 28 per 
cent. Add the sizes of sand determined from the graph 
which are less than 1.5 times the 1 per cent size, except 
that no size greater than the 32 per cent size is to be 
used in computing the effective diameter. This usually 
will include the 1, 2, 4, 8, 16, and sometimes the 32 per 
cent sizes for most filter sands. If less than 32 per cent 
of the sand has a diameter less than 1.5 times the 1.0 
per cent size, determine the size by taking the propor- 
tional difference between the sizes on each side of the 
point. For the sand shown in Table 1 1.5 times the 1 
per cent size gives a size in which 28 per cent of the 
material by weight is finer. Take the average of the 
sum of the 1, 2, 4, 8 and 16 per cent sizes, and the 


average of the 1, 2, 4, 8, 16 and 32 per cent sizes. Sub- 
tract the average sizes, which in this case is 0.025. The 


difference between 16 and 28 is 12, and the difference 
between 16 and 32 is 16. The figure obtained by sub- 
tracting the two averages of the diameters is multiplied 
by 12/16, which gives 0.019, and this value added to the 
lower average diameter, which for the sand shown in 
Table 1 is the average of the 1, 2, 4, 8 and 16 per cent 
sizes. The figure obtained (0.489 mm.) is called the 
effective size of the sand for rapid sand filters. This is 
intended to apply to sand used in filters that are washed 
by reversing the flow of water through the bed to par- 
tially suspend the sand during the washing process. It 
should be explained that this is based upon a filter bed 24 
inches in depth of sand. It will be noted that the 64 
per cent size is not taken into consideration. This size 
is determined, however, because it probably will be used 
in specifications for filtering materials. 

Discussion.—The reason for using the sum of the sizes 
less than 1.5 times the 1 per cent size is the following: 
The weight of a sphere 1.5 times larger in diameter than 
that of another sphere, of material of the same specific 
gravity, is approximately 3.4 times the weight of the 
smaller sphere. It will be found that in washing a filter 
there will be very little material of the smallest size 
mixed with material 1.5 times larger in diameter; that 
is, stratification is nearly complete when there is this 
much difference in the diameter of the particles. Espe- 
cially is this the case when the material is somewhat 
rounded. It must be admitted that the 1.5 factor may 
not be the most exact figure, but in the absence of more 
specific data it is believed that this ratio is a practical 
one. 


It is easy to see that as the sand becomes less uniform 
in size, more and more stress should be placed upon the 
finer sizes. For some materials it may mean that only 
the 1 and 2 per cent sizes are used to determine the 
effective size, whereas for very uniform sands all of the 
sizes may be less than 1.5 times the 1 per cent size. 
Where the sand is very uniform in size there will be only 
partial stratification of the material according to size 
near the top of the filter bed. The percentage of the 
material which is finer than 1.5 times the 1 per cent size 
is called the uniformity coefficient. 

It will be noted that none of the sand in excess of the 
32 per cent sizes is taken into consideration in determin- 
ing the effective size of a sample representative of the 
entire bed. This may not be the largest size which should 
be used for very uniform sands where the 1.5 ratio 
crosses the line at a size greater than the 32 per cent 
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size, yet it gives results which are close to those obtained 
on less uniform sands which are commonly employed in 
filtration practice. More exact data on very uniform 
sands may show that some size beyond the 32 per cent 
size also should be taken into consideration. 
Determining the Effective Size for Beds Shallower or 
Deeper Than 24 in.—Since there is always a partial strat- 
ification of the filtering material as the result of washing 
the bed with an upward flow of water, it is evident that 
the depth of the bed influences the effective size. If the 
bed is to be but 18 inches in depth, sieve the sample and 
determine the percentages of the material which will 
pass the various sieves. Multiply these percentages by 
18 and divide by 24; that is, multiply the percentages of 
material passing the sieves by the depth of the bed in 
inches and divide by 24. This applies to beds deeper 
than 24 inches as well as shallower beds. Deeper beds 
will then have percentages greater than 100 for the 
coarser sieves, but the higher percentages likely will not 
enter into the determination of the effective size, espe- 
cially if the upper limit is set at the 32 per cent size. If 
the sample is collected from the top 6 inches of a bed 
already in service, the depth is ignored in determining 
the sand size, as the effective size is determined by the 
procedure which will be given for the top material. It 
is believed that the material in the top few inches of any 
filter bed is the material which largely determines the 
rate at which the loss of head will increase when the 
filter is in service, regardless of the total depth of the bed. 
If sand the same as that shown in Table 1 is used in 
a filter bed less than 24 inches in depth, the real effective 
size is greater than 0.489 mm. because there will not be 
so much fine material to wash to the top. Assume an 
extreme case in which the bed is only 6 inches in depth. 
The effective size determined according to the new pro- 
cedure will be approximately 0.57 mm. instead of 0.489 
mm. for a 24-inch bed. If the bed is deeper than 24 
inches the effective size will be less than 0.489 mm., de- 
pending on the depth, because a larger amount of finer 
material is washed to the surface. The Hazen method 
for determining the effective size (which was never in- 
tended for rapid sand filters) does not take the depth 
of the bed into consideration, yet any method to be ac- 
curate must do so. It should be said in fairness to the 
Hazen method that the depth could be taken into con- 
sideration the same as is done with the new method, and 
if there are those who are unwilling to give up the Hazen 
method, they should at least make this change in the pro- 
cedure for determining the effective size of the sand. 
Determining the Effective Size of Sand in Filters in 
Service. It is important to have some method of deter- 
mining the effective size of sand which is in use in a 
filter bed. Various methods have been suggested for 
determining this size. Some have attempted to get a 
representative sample from the entire depth of the bed, 
while others have sampled the sand at the surface by 
taking a sample at some definite depth below the surface, 
or by taking it from the surface to some definite depth 
below the surface. The writer is of the opinion that the 
latter is the best procedure, though it is important to 
know something of the size of all of the material in the 
bed. It is the sand at the top of the bed which deter- 
mines the rate at which the filter will clog, but the lower 
material may serve a useful function in preventing co- 
agulated material from passing through the filter. This 
of course is assuming that the amount and character of 
suspended material in the water remains the same, for 
this greatly influences the rate at which the filter clogs. 
Considerable study has been given to the depth to 
which sand samples should be collected. It is believed 
that the depth should be from the surface to 6 inches 
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Fig. 2—Sampler for Collect- 
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Fig. 3—Battery of Glass Tube Filters. 


below, though the top 4 inches may give fairly good 
results. A sampling device illustrated in Figure 2 is 
convenient for collecting the samples. Drain the water 
from the filter and select several points at different loca- 
tions on the filter surface to collect the sample. The 
sample collector should be just 6 inches in length inside. 
Push this down 6 inches into the sand, then dig the sand 
from around the collector on one side to the bottom of 
the sampler and push a plate or cover of some kind 
through the sand so that the sampler full of sand may 
be lifted without loss of any of the sand. This may 
not be necessary if the sand remains in the collector by 
tilting the tube after it has been forced to the right depth. 
lor beds of one million gallon capacity or greater, it is 
believed that samples should be taken from at least 4 
parts of the bed. Mix these samples thoroughly and 
take a portion for sieving. The mud should be washed 
from the sand, though if the sand grains are encrusted 
with some fairly hard material the washing should not 
be violent enough to knock off this encrustation if it is 
possible to avoid doing so. Dry the sand at a tempera- 
ture of about 100 deg. C. Weigh out 100 grams and 
sieve in accordance with the method already given. 

After the percentages of the material which passes the 
various sieves have been determined, plot the points on 
some form of cross section paper, as previously de- 
scribed, and determine the 1, 2, 4, 8, 16, 30, 60 and 90 
per cent sizes. Take the diameter of the 4 per cent size 
and multiply it by 1.5. Add the various sizes, beginning 
with the 2 per cent size, up to and including the 90 per 
cent size, if this size is not greater than the figure ob- 
tained by multiplying the 4 per cent size by 1.5. In case 
1.5 times the 4 per cent size is less than the 90 per cent 
size, take the average of the diameter on each side of the 
figure and compute the proportional difference in the 
manner given for the entire bed. Table 2 shows sieve 
analysis of the top 6 inches of the sand which is covered 
in Table I. The percentage of the material finer than 1.5 
times the 4 per cent size is called the uniformity co- 
efficient. 

Assume that 1.5 times the 4 per cent size is between 
the 60 and 90 per cent sizes, determine where this point 


crosses the line which has been plotted. It crosses at 
the 84 per cent size for the sand shown in Table 2. 
Determine the average diameter of the sizes from 2 to 
60 per cent, and the average diameter of the sizes from 
2 to 90 per cent. Take the difference between the two 
sizes and add to the 2 to 60 per cent size the proportion 
of the distance between 60 and 90. The difference be- 
tween 60 and 90 is 30. Subtract 60 from 84, which will 
leave 24. Then take 24/30 of the difference between 
the average diameters from the 2 per cent size up to the 
60 per cent size, and the average up to the 90 per cent 
size, which is 21. This figure when added to the aver- 
age of the diameters from 2 to 60 per cent, gives 0.489 
mm. diameter for the effective size. In the particular 
analyses shown the effective size of the sand as deter- 





TABLE II—SIEVE ANALYSIS OF TOP 6 
INCHES OF MUSCATINE SAND FROM 
FILTER D X-2 
(March 1, 1934) 

Total of 3 Sieved Portions 

Total 
Grams Grams Per Cent 
Retained Passing Passing 
Sieve on Sieve Sieve Sieve 
16 0.0 313.3 e 100.0 
20 0.0 313.3 100.0 
24 4.2 309.1 98.7 
30 152.1 157.0 50.2 
40 140.8 16.2 5.2 
50 15.0 1.2 4 
60 1.0 a .06 
“80 a | 03 
Less than.... 80 mi 
2 Per Cent Size .385 mm. dia. 
4 Per Cent Size .420 mm. dia. 
8 Per Cent Size .445 mm. dia. 
16 Per Cent Size .475 mm. dia. 
30 Per Cent Size .510 mm. dia. 
60 Per Cent Size .570 mm. dia. 
90 Per Cent Size .655 mm. dia. 
Average of 2 to 60 per cent diameters.............. 468 mm. 
Average of 2 to 90 per cent diameters.............. 494 mm. 


Per cent of material of diameter less than 1.5 times 
the 4 per COMt SIZE. ... 02. cece sesceccccesevecsees 
Diameter of the effective size of the sand........ 


84 
489 mm. 
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mined from sieving before the material was placed in 
the filter and the effective size determined by taking a 
sample from the top 6 inches of the bed after it had 
heen in service for a short time were the same. This of 
course was an accident, but the two sizes should be very 
close. It has been found from a number of such tests 
on various sands that the results are close. 

In the analyses shown, 24 inches of sand were used 
in the filter. The sample collected from the top 6 inches 
of the bed represented 25 per cent of the total depth. If 
there was complete stratification of the sand according to 
size, the 1 per cent diameter of the original sand before 
being placed in the filter should correspond to the 4 per 
cent diameter of the top 6 inches. ‘The stratification ac- 
cording to size is not complete, and to get a figure for 
the effective size which is approximately the same as that 
obtained on the original material, it is necessary to use 
the 2 per cent size in addition to the 4, 8, 16, etc., sizes. 
When the uniformity coefficient is 95 or more, the 1 per 
cent size also should be used. The analyses in table 3 
show samples collected from the surface of the bed to 
2 inches below, from 2 to 4 inches below and from 4 to 


-6 inches below. It is evident from these analyses that 


there is not complete stratification of the sand according 
to size. 

The various per cent sizes selected for determining 
the effective size of a sample collected from the top 6 
inches were chosen because the average gave results very 
close to that obtained by sieving a sample representing 
the entire bed. If it should be found that some other 
combination is more exact, it should be used. 


Experimental Results 


If the new method of determining the effective size 
of filtering materials for rapid sand filter beds meets 
our needs, it must give results which will enable one to 
draw a correlation between effective size, uniformity and 
performance. The most important function of any filter- 
ing material is to remove the suspended matter from the 
water, and the next most important function is the 
lengths of filter runs which may be procured between 
washings. The limit of the size of sand grains which 
may be used for rapid sand filters, to satisfactorily filter 
the water, is not being discussed in the present article, 
and it is assumed that the conditions which govern the 
removal of coagulated matter from water are fairly well 
known. However, we are very much concerned with 
methods of specifying materials which will bring about 
this removal most efficiently. Sand occurs in many local- 
ities throughout the country, much of this sand is not 
of the proper size for filters, or at least only a portion 
of the material is of the proper size. The character of 
the water has great influence on the lengths of filter 
runs, but it is possible to modify this influence to a cer- 
tain extent by proper selection of the filtering material. 
This makes it essential to determine the true effective 
size of filtering materials with considerable exactness. 

Method of Conducting Tests.—Glass tube units, as 





TABLE III—SIEVING OF TOP SAND IN 
FILTER DX-2 
(March 2, 1934) 


Per Cent of Material Passing Sieve 


2 Inches 4 Inches 
Sieve ‘Top to to 
Number 2 Inches 4 Inches 6 Inches 
20 100.0 100.0 100.0 
24 99.2 99.3 97.4 
30 80.7 52.1 28.8 
40 15.6 2.3 1.1 
50 1.0 a a 
60 i ye 0 
Less than.... 60 7 0 0 
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shown in Figures 3 and 4, were used. The water was 
coagulated and settled in the Experimental Plant. Since 
it was obtained from the same point for all of the filters, 
any difference in the results of the filters should be 
attributed to the filter and not to a variation in the water 
going to the units. Three groups of filters were used. 
One group was known as the Armstrong Series of 
filters. The second group was known as the Uniform 
Sands, and the others were ordinary filtering materials 
graded in about the manner in which they occurred 
naturally. This does not take into consideration tests on 
various other materials which will be discussed in an- 
other article. 

The Armstrong Series of filters were filled with sand 
sieved by Mr. Jas. W. Armstrong of Baltimore. A large 
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Fig. 4—Glass Tube Sand Filter—One of a Battery. 





amount of this material was sieved and portions sent to a 
number of filtration plants throughout the country. 
When placed in filters according to the instructions of 
the sender, it formed filters in which the beds varied 
widely in size and grading of the sand. The Uniform 
Sand filters represented material retained on a certain 
sieve after passing the sieve with openings next larger 
in size. The material was sieved by hand and no attempt 
was made to sieve the material as thoroughly as is usually 
done in sieve analyses. It was sieved well enough, how- 
ever, to give fairly uniform grading of the material. 
The sand used was Muscatine sand, except for the 
coarser and the finer sizes which were not available in 
the Muscatine sand. 

The materials used in the tests were ordinary silica 
sand and the grains were fairly rounded, though some of 
it probably would be classified as sub-angular material. 
Tests have been made on angular materials, but shape 
of materials will not be discussed in this article. It is 
believed that the shape was near enough alike in the tests 
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now being discussed for this to have practically no in- 
fluence on the results. 


Most of the tests were conducted at a filtration rate of 
2 gallons per square foot per minute, though the rate was 
varied for one series of tests. The length of filter run 
was the time required for the filter to reach 8 feet loss 
of head. The loss of head gauges were connected in such 
a manner that the loss shown was that through the bed 
and not through both the sand bed and the filter under- 
(lrains, as is usual for measuring the loss of head through 
filters. Twenty-two filters were in use part of the time. 

Tests Included Wide Variation in the Size and in the 
Grading of the Sands—Table IV, which shows the siev- 
ings of most of the sands used, shows that there was 
wide variation in the size of the sand as well as the 
uniformity of the material in the beds. The table gives 
both the effective size determined from a representative 
sample of the bed and the effective size determined from 
the top 6 inches of the beds after the sand had been 
stratified by washing. Also the 10 per cent sizes are 
shown. The sizes determined by the two methods (ac- 
cording to the new procedure) are close enough for 
practical purposes. It is difficult to properly plot the 
sieving of a sand very uniform in size, especially when 
most of the material ranges in size between two sieve 
openings. Some deviations in the results are expected 
for very uniform materials. The table shows, however, 
that the deviations are not great enough to materially 
affect the results. It is believed that the wide variations 
in the filter beds, both in uniformity and in size, fur- 
nishes an excellent opportunity for testing the proposed 
method of determining the effective size of the bed. If 
the method is satisfactory, it should make no difference 
how irregular the grading of the material may be, for 
it will put it into its proper classification according to 
size. Data will be given to show that this is the case. 
It should be evident that the use of some certain size of 





TABLE IV.—EFFECTIVE SAND SIZE AND 
UNIFORMITY COEFFICIENT OF 
FILTER BEDS 

Column 1. Uniformity Coefficient. Per cent with size less than 
1.5 times the 1 per cent size. 

Column 2. Effective size determined before being placed in filter 

(mm. dia.). 

Uniformity Coefficient top 6 inches. Per cent 

size less than 1.5 times the 4 per cent size. 

Effective size determined from top 6 inches of filter 

(mm. dia.). 


Column 3. with 
Column 4. 


10% Size 


(Hazen 
Filter (1) (2) (3) (4) Method) 
Muscatine, Ia. (DX-2)... 28 489 84 489 513 
Ottawa, Ill. (JX-3)...... 54 503 98 494 520 
Copley, Ohio, 

Crushed Quartz (EX-3) 28 A475 70 471 499 
Muscatine, la. (DX-1)... 7.5  .257 32 255 336 
Armstrong Series— 

TS ¢ = aS | re 27 370 90 366 383 

a OS a’ 5 ee 29 403 93 395 .418 

No. HX-2 (3) . 34 474 82 485 490 

No. D-5 (4) ~ oe 527 82 540 539 

Se Sa 18 582 83 603 644 

No. ZX-2 (6) . oe 877 70 876 870 

aS 8 os ee 16 ~=1.031 60 ~=-:1.035 1.15 

No. MX-I (8) ........ 11.5 1620 42 = 1.580 1.93 
Uniform Sand M-2 ..... 23 1.780 27 ~=—«: 1.674 1.94 
Uniform Sand N-2 ..... 95 1.265 95 1.256 1.325 
Uniform Sand Y-1 ...... 85 854 96 899 .870 
Uniform Sand P-2 ...... 89 738 99 725 773 
Uniform Sand Q-2 ...... 95 543 100 556 o00 
Uniform Sand R-2...... 99 434 ~=-100 436 444 
Uniform Sand S-2 ...... 38 .279 97 295 .290 
Uniform Sand T-2 ...... 94 235 95 245 243 
Non-Uniform D-6 24 .263 8 272 495 
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the sand, such as the 10 per cent size, will not hold for 
beds varying widely in grading. 

These tests were started in July, 1929, and have been 
under way almost continuously since then. The Uniform 
Sand series were started in August, 1930. Results of 3 
to 4 years’ work are available. Very little of the data 
will be given, as it is assumed that the reader is more 
interested in a summation of what the experiments show 
than in a mass of figures. 

Relation of Sand Size and Length of Filter Run.—The 
results of one series of experiments run for a period of 
approximately one year (March, 1932, to March, 1933) 
are plotted in Figure 5. This includes the Armstrong 
Series of filters, the Uniform Sand filters and two filters 
of ordinary sand grading. The effective size of the ma- 
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Fig. 5—Curve Showing Relationship Between Sand Size and 
Length of Filter Runs. 


terial varied from .235 mm. to 1.78 mm. diameter. 
These filters cover a wide range in size and include 
materials finer, as well as materials coarser than are ordi- 
narily used in filtration plants. It will be noted that the 
points are approximately in a straight-line when plotted 
on logarithmic paper. The slope of the line is 2.15, 
which means that the length of the filter run varies as 
the diameter of the sand to the 2.15 power. It is evident 
that this relation will not hold for very fine material, 
nor for very coarse material. A point in fineness can be 
reach in which the initial loss of head on the filter will be 
§ feet, the maximum total loss considered in the experi- 
ments. Also there probably is a size in which the loss 
of head will not increase to any material extent, due to 
the coagulated material being carried on through the 
coarse material. 

The equation for computing the effect of the size of 
sand upon the length of filter run is 

H =KD2.15 
H = length of filter run in hours. 
K =a constant which varies with the clogging ten- 
dency of the water. 
D = diameter of the effective size of the sand. 

The value of K is something which can be determined 
only by actual tests. Filtration plant operators may work 
out the limits of K for their conditions and be able to 
use the equation to determine if changes in the size of 
their filtering material will result in improved conditions, 
but K cannot be determined by computation. The equa- 
tion is good for fairly clean materials where the filter 
beds do not pull away from the side walls of the filters 
and do not form surface cracks. Cracks in the surface 
of the filter bed and along the side walls increase the 
filter runs over what they would be if there were no 
cracks, 
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If the points in Figure 5 are examined more closely, 
there is some indication of it being curved instead of 
straight. Whether this is due to experimental errors or 
to a true relation, it is not possible to state at the present 
time. It is believed for practical uses that the points are 
near enough on a straight line to use the straight line 
relation. It should be stated that this information was 
obtained upon water with a fairly high clogging tendency, 
and that the effect of the size of the material on some 
other water may be slightly different from the 2.15 power 
of the diameter. It is believed that the figure will range 
between the square of the diameter and the 2.5 power of 
the diameter for different waters. The 2.5 power will 
probably be close to the correct figure for waters with a 
low clogging rate, and the 2.0 power close to the correct 
figure for waters with a high clogging rate. This state- 
ment, however, cannot be confirmed until data are avail- 
able on waters of different character. 

The materials in the uniform sands were very uniform, 
and the grading in the Armstrong Series was not as uni- 
form as that in most of the sands ordinarily used in fil- 
tration. If close results are obtained by using ordinary 
sands, uniform sands, and sands which were not so uni- 
form, it indicates that the new method of determining 
sand size gives the true size effect. To test the method 
more thoroughly, one of the natural sands (which was a 
fairly uniform sand for a natural sand) had two per 
cent of fine sand added to it. This produced a very 
non-uniform grading. Comparison of the runs on this 
filter with those on a filter containing the uniform sand 
showed approximately the same relation between the 
diameter and lengths of runs as that for the other sands. 
Therefore the new method of determining the size ap- 
parently holds for any grading of the material whether 
very uniform or very non-uniform. It, of course, should 
do this if it is a method which determines the true effec- 
tive size of sand for rapid sand filters. 

When materials are compared on the basis of the size 
of some definite percentage of the weight of the material, 
fairly good relations may be obtained for a series of 
sands which do not vary widely in the uniformity of the 
material. This explains why we have been able to obtain 
fairly satisfactory results by use of the 10 per cent size 
when a limit is placed on the non-uniformity of the ma- 
terial by specifying that the uniformity coefficient accord- 
ing to the Hazen method be not greater than 1.5. It, 
however, is known that this method does not hold for 
very non-uniform materials, and not being accurate for 
all conditions it is not the most exact method which 
may be used. Frequently water works have spent con- 
siderable sums of money to obtain sand which is known 
to have worked satisfactorily in other plants, when they 
may have had satisfactory material near at hand but were 
unwilling to take a risk on the material when they had 
no positive means of determining its qualities in advance 
of actually trying the material in filter beds. It is be- 
lieved that the new method of analyzing sands will over- 
come this difficulty and will enable water filtration plants 
to obtain the cheapest material suitable for their needs. 

The present discussion is limited to natural sands, but 
the method of determining the effective size holds for 
crushed or angular materials. In this case the porosity 
is different from that of natural sands and to compare 
such materials with natural sands, the porosity and per- 
haps the shape of the material also has to be taken into 
consideration. Since more than 90 per cent of the filtra- 
tion plants use natural sand, it is believed best to use as 
simple a relation as is possible for classifying these ma- 
terials, and when other types of materials are used, such 
as crushed quartz or crushed anthracite coal, the other 
factors affecting the results can be taken into considera- 
tion. Such materials will be discussed in a later article. 
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It might be more exact to compare the materials on 
the basis of the rate of increase in the loss of head. In 
this event it will be necessary to take into account the 
initial loss of head, so as to subtract from the total loss. 
This might then bring into use an equation for the flow 
of water through sand for determining the initial loss. 
So far as the writer can see at the present time, this is 
about the only use we will find for the equations (given 
in the first article of the series) which have been devel- 
oped for computing the initial loss of head through filter 
beds. Usually we are concerned only with the lengths 
oi runs which are obtained on the filters for a given 
available total loss of head which is constant for most 
plants. That is, the plant is designed so that a definite 
total loss of head may be obtained and if it is not neces- 
sary to bring into account the initial loss of head, it 
seems that the information desired can be obtained with 
a swing of considerable computation. 

The method of determining the effective size of sand 
for rapid sand filters is not one of computing the length 
of filter runs which will be obtained for some given size 
of sand, consequently the filter run for one size of the 
material must be known. At present we have no means 
of even approximating the length of filter run which 
will be obtained on a certain water for a given sand, but 
once the run is determined for one size of sand the 
effect of varying the sand can then be determined. Due 
to wide variation in the clogging tendency of coagulated 
material, there is not much possibility of being able to 
compute filter runs for some given set of conditions 
without knowing the runs for some other condition. 

Most of the Filtration Occurs Within the Top Few 
Inches of the Filter—It is well known that most of the 
filtration in a rapid sand filter bed takes place in the top 
few inches of the bed. The depth to which the coagu- 
lated material will penetrate depends upon several condi- 
tions, the most important of which are the size of the 
sand and the character of the coagulated matter. When 
the sand is fairly fine, most of the filtration may take 
place at the surface of the bed, but when it is fairly 
coarse it may penetrate to considerable depth and occa- 
sionally some of the coagulated material passes through 
the filter bed before the loss of head reaches the maxi- 
mum. It would seem that the effective size for filtration 
for very fine sand is that size which is found in the top 
1 or 2 inches of the beds, and for fairly coarse sand that 
from the top to 6 to 12 inches below. For the average 
rapid sand filter where the length of the run is not greater 
than 48 hours, it is believed we can assume that the 
lengths of the runs are dependent upon what takes place 
within the top 6 inches of the filter bed. 

It is known that there are times when the clogging 
rate is high in which only a part of this top 6 inches of 
sand does any filtering, because most of the coagulated 
material is removed in the top one or two inches of the 
bed. 

To determine the effect of depth, a sample of sand 
large enough to fill two glass tube filters 24 inches in 
depth was mixed very thoroughly. Filters Q-3 and R-3 
were filled 24 inches with this material and washed. Six 
inches of the surface sand, after thorough washing, was 
removed from filter R-3. Then the balance of the sand 
was removed and the top 6 inches returned to the filter. 
This gave a bed 6 inches in depth in which the effective 
size was the same as that of the other filter, which was 
24 inches in depth. Figure 6 shows the plotting of 
typical runs on these filters. The deeper bed of sand 
naturally had a higher initial loss of head. The top of 
the bed also was at a level 1% feet higher than the top 
of the other filter. It will be noted that the loss of head 
increased at almost exactly the same raté until the loss 
on the deeper bed reached 7 feet. Then it increased on 
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this filter a little more rapidly than on the shallower 
bed. This was due to air binding of the filter, which 
started at approximately 7 feet loss of head. The shallow 
filter being on a lower level did not become air bound. 

During periods when the runs on these filters were in 
excess of about 35 to 40 hours, a small amount of floc- 
culated matter passed through the shallow filter. This 
kept increasing as the filter was continued in service. 
The passage of a small amount of flocculated matter did 
not appear to materially affect the clogging rate. The 
data indicate that the real effective size of a filter bed 
can be determined by sieving a sample of the top 6 inches 
of sand in the bed. The advantage of this is that it is 
not necessary to try to collect a sample of material repre- 
sentative of the entire depth of the bed. The passage of 
any coagulated matter is objectionable and shallow depth 
filters will not give satisfactory results unless the lengths 
of the runs are less than about 35 hours, and the turbidity 
of the coagulated matter going to the filter is not above 
5 parts or thereabouts. 

It is not the purpose of this article to discuss penetra- 
tion of the coagulated matter into filter beds, though it is 
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Fig. 6—Typical Curve of Length of Runs of Filter Beds 6 in. 
and 24 in. in Depth. Shallow Filter Contains Top Sand Only. 


a factor which must be taken into consideration in deter- 
mining the size of the filtering material to use. It should 
be evident that the coarser beds of sand used in these 
experiments passed coagulated matter before the loss of 
head reached the maximum. In fact the two coarsest 
filters frequently passed some coagulated matter at the 
beginning of operation, and by the time the loss of head 
reached 8 feet, most of the coagulated material going on 
to the bed passed on through. It is interesting, how- 
ever, to note that the runs on these filters gave points 
almost exactly in line with the runs on filters containing 
finer material. It is doubtful if practically all of the 
head loss occurred in the top 6 inches of these coarse 
sand filters, though it may be that it was so very much 
greater than that which occurred in the lower part of 
the beds that the lower part did not materially affect the 
results. 


Summary 


A new method of determining the effective size of 
sand for use in rapid sand filters is described. The new 
method is based upon the average of the 1, 2, 4, 8, 16 
and 32 per cent sizes, except that maximum size used in 
the average is 1.5 times the 1 per cent size. 

The uniformity coefficient is the percentage of the 
material having a diameter less than 1.5 times the 1 per 
cent size. 

The method is applicable for determining the effective 
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size of sand from filter beds already in service. A 
sample taken to represent the top 6 inches of a filter bed 
may be used for determining the effective size. 

The method of conducting the experiments is ex- 
plained. Twenty-two glass tube filters were used. The 
tests include wide variations in the size and grading of 
the materials. 

The average lengths of the runs varied with the 2.15 
power of the diameter of the effective size. This is not 
an exact figure for all waters, and it is believed to vary 
from 2.0 to 2.5. It probably will be near the lower figure 
for waters with a high clogging rate, and near the larger 
figure for waters with a low clogging rate. 

Regardless of the uniformity or non-uniformity of the 
material in a filter bed, the new method gives the true 
effective size, in so far as. it applies to the lengths of 
filter runs. 

v 


Association Meetings Scheduled 





June 4-8—Annual Convention of American Water 
Works Association. Hotel Commodore, New York City. 
Secretary, B. C. Little, 29 W. 39th St., New York City. 











June 5-6—Arizona Public Health Association. Prescott, 
Ariz. Secretary, Jane H. Rider, Director State Laboratories, 
Tucson, Ariz. 

June 13-14—Illinois Association Sanitary Districts, Wau- 
kegan, Ill. Secretary-Treasurer, G. H. Radebaugh, Ur- 
bana, III. 

June 15-16—New York State Sewage Works Association. 
Jamestown, N. Y. Secretary, A. S. Bedell, State Department 
of Health, Albany, N. Y. 

June 25-27—Pennsylvania Water Works Operators’ Asso- 
ciation. State College, Pa. I. M. Glace, Secretary, State De- 
partment of Health, Harrisburg, Pa. 

June 28-29—Pennsylvania Sewage Works Association. State 
College, Pa. L. D. Matter, Secretary, State Department of 
Health, Wilkes-Barre, Pa. 

July 12-14—Virginia Section, A. W. W. A. Martinsville, Va. 
Secretary, H. W. Snidow. State Department of Health, 601 
State Office Building, Richmond, Va. 

Aug. 22—West Virginia Conference on Water Purification. 
Hotel Windsor, Wheeling, W. Va. Secretary, J. B. Harring- 
ton, State Department of Health, Charleston, W. Va. 

Aug. 23-24—Central States Section, A. W. W. A. Hotel 
Windsor, Wheeling, W. Va. Secretary, H. L. Nelson, U. S. 
Pipe and Foundry Co., 2435 Koppers Bldg., Pittsburgh, Pa. 

Sept. 3-6—Annual Meeting of American Public Health 
Association. Pasadena, Calif. Willimina R. Walsh, Secretary, 
450 7th Ave., New York City. 

Sept. 17-19—Rocky Mountain Section, A. W. W. A. Santa 
Fe, N. M. Secretary, B. V. Howe, Board of Health, Denver, 
Colo. 

Oct.—California Section, A. W. W. A. Long Beach, Calif. 
Secretary, J. E. Phillips, Department Water Supply, 207 
Broadway, Los Angeles, Calif. (Exact date later.) 

Oct. 15-18—Southwest Water Works Association. Hotel 
Hilton, Waco, Texas. Secretary, Lewis A. Quizley, Super- 
intendent Water Department, Fort Worth, Texas. 

Nov.—North Carolina Section, A. W. W. A. Virginia 
Dare Hotel, Elizabeth City, N. C. Secretary, H. G. Baity, 
Dean of Engineering, University of North Carolina, Chapel 
Hill, N. C. 

Nov. 8-10—Missouri Valley Section, A. W. W. A. Hotel 
Fontenelle, Omaha, Neb. Secretary, Prof. E. L. Waterman, 
University of Iowa, Iowa City, Ia. 


v 


New Yorx’s $130,000,000 Srewace Project AD- 
VANCED.—The governor of New York on May 8 signed 
the bills empowering the city of New York to issue 
coporate stock to pledge with the Federal Government 
for grants and loans for the proposed $130,000,000 sew- 
age disposal system. 
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On Attending Conventions 


HE coming annual Convention of the American 

Water Works Association to be held in New York 
City, June 4th to 8th, brings to mind the question of the 
yalue of technical and professional associations ; the ad- 
vantages gained through the meeting of members and 
guests during conventions held by such organizations. 

Until one becomes acquainted with the ramifications of 
work undertaken by the numerous technical committees 
of such associations, he fails to appreciate one of their 
highest values to the fields they serve. Working all year 
on matters of assignment these committees render reports 
at annual meetings which are there discussed. To those 
present at the presentation the findings and conclusions 
of such committees become appreciably more intelligible 
than does the same report when it later appears in cold 
type. The same reasoning applies in connection with 
papers read; for, it is frequently the side remarks of the 
author, the questions from the floor, the free discussion 
which follows that clarifies many points brought for- 
ward; and, adds interest which is so frequently lacking 
in the published article when it appears in print. To the 
operating man and the manager the “Round Table Dis- 
cussions” are invaluable—particularly so if he enters into 
these “experience meetings” with a spirit of give and 
take. One can not possibly gain the value of such inti- 
mate discussion nor can he read between the lines of 
such discussion by staying away from conventions and 
depending on printed reports—if there be such—to 
enlighten him. 

This is all intended as an answer to the argumentive 
question of many who say: “Why should I attend meet- 
ings to listen to papers and discussion which I can read 
later?” Some technical papers can be read, perhaps bet- 
ter than slept through, but to attain progress through 
such procedure is slow—often painful. It is the live 
topic which brings on the sort of discussion which makes 
for progress by stimulaion of listeners. It is this that 
one can ill afford to miss by staying out of meetings on 
the grounds that he has been put to sleep by the reading 
of certain papers which he has had to sit through at 
some previous meeting. 

To many who attend meetings and conventions of 
technical associations, the greatest value comes from in- 
formal group discussions—sometimes arguments—which 
occur on the “side-lines,” in the rooms—even at the 
breakfast table. Many operators have problems which 
he believes some other member can assist him with and if 
he makes inquiry openly or privately he can usually find 
the help he needs. For this purpose there is nothing 
superior to the open “Question Box” which receives 
written questions to be read and answered openly in 
meetings, with or without disclosing the identity of the 
questioner. Through this procedure, the operator who 
seeks assistance may benefit even more by making his 
identity known. 

The American Water Works Association in recent 
years has made a feature of its exhibit of equipment and 
materials used in the water supply field. Realizing the 
educational value of exhibits effectively displayed the 
Water Works Manufacturers Association has stimulated 
this phase of exposition in its annual award of three 
prizes to manufacturers staging the most effective and 
instructive exhibit at Annual Conventions of the Asso- 
ciation. There is much to be gained of educational and 


economic value by visiting equipment exhibits. New 
developments and improvements become readily under- 
stood when displayed in the form of working models or 
as actual equipment, with experts and factory representa- 
tives on hand to explain their functions and values; to 
answer questions at first hand—something which ad- 
vertisements, literature and catalogs frequently can not 
effectively do. Within an hour or two the visitor can 
learn more in the exposition of equipment and materials 
than he might ever glean from all the printed matter, 
descriptive of new developments, which reaches his desk 
during the year. New men find it easy to learn much 
about existing equipment in a plant which they have 
recently assumed charge of. 

If the Chinese proverb which says that “One picture 
is worth 10,000 words” be correct, then, one exhibit is 
worth several pictures and as many thousand words. In 
its best sense advertising is educational. Effective ex- 
position of materials and equipment is possibly the high- 
est form of advertising and makes for advancement; 
for, if every operator were left to discover for himself 
what he lacks, progress would be mighty slow. 

Stimulation is a great help in any phase of human 
endeavor and perhaps the highest value of water works 
or sewerage conventions is that of stimulation of in- 
dividual effort to improve the appearance and the opera- 
tion of his works, to better his own position. The young 
man who makes scant if any effort to seek authorization 
from his superior to attend technical meetings and con- 
ventions is rapidly dropping into a rut from which he 
will find it increasingly difficult to extricate himself. 
Ambition to get ahead, is not sufficient ; he must have the 
will to do so and the willingness to sacrifice in his early 
years. The excuse, that the powers-that-be will not allow 
travel expense, is poor reason for staying at home. 
Realization that his loss is his employer’s loss may alle- 
viate his feelings of regret, but it will not get him the 
opportunity to better his standing—perhaps, to find a 
more appreciative employer. Experience teaches that 
starting to attend technical conventions on one’s own 
resources constitutes a sacrifice which yields a_ high 
return. 

Attending a Water Works Convention broadens the 
individual’s outlook; reminds the young man that there 
are more than 10,000 public water works in America; 
reveals that his problems may be different, but not worse, 
than those of his contemporaries in the same field ; stimu- 
lates him to a degree that he returns to his job full of 
energy with his chin up and ready to prove that he can 
put to practice some of the things he has learned of; 
prove too that he need not remain in a rut, that he can 
pay his own way anytime. The employer will find it 
worth while next year to pay the expense of his attending 
the convention. 

If you feel that you are in a rut, why stay there? 
Borrow the money if necessary; attend the A. W. W. A. 
Convention and learn that ruts are only as deep as one 
thinks they are. If you are not in a rut you will attend 
the convention to keep from getting that way. 

Fellowship; Education; Stimulation; Progress; Ad- 
vancement—these are the keynotes of water works and 
sewerage conventions. “Can you afford to attend ?”—the 
answer may be “no.” But ponder this: “Can you afford 
not to attend?”—the answer is still “NO.” Try the 
investment. 











Rubber-Lined Equipment 
for Ferric Chloride 


Ferric salts are becoming more widely 
used as coagulating chemicals in water pu- 
rification and sewage treatment. In sewage 
treatment ferric-chloride is taking an im- 
portant place as evidenced by the demand 
for storage tanks, equipment and materials 
tc withstand its: destructive action, which 
the commonly used materials of construc- 
tion will not do. 

Engineers and plant managers, con- 
fronted with the problem of choosing fer- 
ric-chloride handling equipment which is 
reasonable in cost, low in maintenance ex- 
pense and positive in its protective qualities, 
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Typical Design of “U. S.” Rubber Lined 
Chemical Tank for Ferric Chloride 





will be interested in the act that rubber lin- 
ings of an approved type have been thor- 
oughly tested and found to be economical 
and practical in ferric-chloride handling. 

Although somewhat new in the sewage 
field, vulcanized rubber has been used 
as a lining material by the chemical in- 
dustry for a decade. And it has proved 
a satisfactory material in chlorinator manu- 
facture for almost 15 years. 

The claims for rubber lining are as fol- 
lows: 

(1) The initial cost is competitive ; when 
considering the ultimate life and service. 
(2) Maintenance and repair expenses are 
practically nil; assuming that a lining of 
proven value is used and excessive mechan- 
ical abuses are avoided. (3) Such equip- 
ment as storage and mixing tanks, pipe, fit- 
tings and valves can be completely designed 
to effect maximum savings in space and 
efficiency. 

Rubber lining can be applied with advan- 
tage to steel or wood tanks as well as to 
flanged metal pipe. New tanks are strongly 
recommended in that they can be properly 
designed for rubber lining, but used tanks 
can be lined provided proper preparation 





of the interior surface is attended to. The 
United States Rubber Company gives com- 
plete instructions in this regard. Further, 
they say, rubber linings can be installed in 
new (thoroughly dry) concrete tanks, but 
it is well to consider that possible crum- 
bling or swelling of the cement behind the 
rubber lining results in sagging and prob- 
able reduction in the life of the lining. 
Also, used concrete tanks are seldom, if 
ever, in condition to justify rubber lining. 

Transfer of corrosive liquids by air pres- 
sure has become standardized practice of 
the chemical industry. It has proven safe, 
efficient and positive in respect to protec- 
tion. The operating pressure is customarily 
from 20 to 40 lbs., depending upon require- 
ments. Rubber lined ferric-chloride equip- 
ment, as manufactured by the United States 
Rubber Company, is designed for service 
regardless of whether the installation is of 
the pressure-pumping or syphoning type. 
The cut above illustrates a representative 
type of pressure tank adaptable to the ma- 
jority of service conditions. 

The most practical type of rubber lin- 
ing is one having approximate physical 
characteristics of a tire tread. This type 
offers maximum resistance to corrosion; in 
addition it affords outstanding protection 
against mechanical abuse. This lining will 
give and take with the expansion and con- 
traction of steel tanks and piping, subjected 
to maximum changes in temperature. 

Among the important installations of 
“U.S.” rubber lined tanks and equipment, 
at sewage disposal plants, are those at Mil- 
waukee, Chicago, and Indianapolis. 

For descriptive literature, or further de- 
tails concerning rubber lined tanks, pipe, 
fittings, pumps or chemical rubber hose, 
address, United States Rubber Company 
(Tank Division), 1790 Broadway, New 
York City. 
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W.and T.’s New “Free 
W heeling’” Chemical Feeder 


Wallace & Tiernan, Inc., Newark, N. J., 
have just announced the MOF dry Chem- 
ical Feeder which employs new and inter- 
esting principles in feeding dry chemicals. 
In fact, the chemical does not have to be 
so dry to be fed by this new “free-wheel- 
ing” type of feeder. 


Some of the features are: the oscillating 
feed spout which travels backward and for- 
ward to preclude clogging; self agitating, 
non-arching (flexing) hopper: sealed, leak- 
proof feed plate; improved feed adjust- 
ment, accurate and dependable; low water 
consumption, efficient swirl solution pot of 
earthenware; completely dust-proof hous- 


ing (looks like a “G. E.” furnace in 
the basement pool room); _ corrosion- 
proofed with cadmium plating and spe- 
cial rubber base paint; gear head (% 


H. P.) motor drive, provides speed reduc- 
tion in one unit; high feed ratio (100 to 1), 














The MOF-Dry Feeder and “Free Wheel- 
Feed Device 


ing” 


without need of gear change or varying 
drive speeds; “free-wheeling” feed device. 

The most ingenious features of this novel 
feeder are the hopper flexing scheme and 
the “free-wheeling feed roll’’ element which 
extrudes the chemical from the feed plate 
with insured uniformity. This unit is ro- 
tated by means of a feed-roll lever and is so 
constructed that the roll itself is free to turn 
on the shaft when the feed spout (tongue) 
moves back but is locked to the shaft and 
therefore slides with the chemical when the 
spout moves forward. Result: a continu- 
ous, smooth, uniform “ribbon” of chemical 
is extruded without being broken when the 
feed spout reverses. It is this feature 
which makes the new feeder dependable for 
feeding activated carbon damp lime and sim- 
ilar materials which hitherto has been 
somewhat difficult to feed with standard 
dry feeders. The feed roll assembly is ad- 
justable to three positions to provide a feed 
variation from 1 to 100. 

For descriptive literature write Wallace 
& Tiernan Company, Inc., Newark, New 
Jersey. 











Water Works and Sewerage—May, 1934 










WY VOYOVW 0h. 





BIG or little PROBLEMS 


it’s all the same to “Lynchburg” 


Because of our modern equipment—designed to expedite 
the handling of the UNUSUAL—both BIG and little 
problems are handled with dispatch . . . Thousands of 
interchangeable patterns are carried at all times, ready 
to be assembled for instant use in casting combinations 
of all sizes and shapes . . . No “Special” is too big or 
difficult for us to handle, and Prompt delivery is the key- 
stone of “Lynchburg Service” . . . Write, Wire, or Phone 
“Lynchburg” for quick estimates. 



























Bell and Spigot Pipe and Fittings. From 4” to 54”. 
Cast Iron Flanged Pipe. From 3” to 84”. 
Cast Iron Flanged Fittings and Flanges. From 1” to 84”. 
Super-de Lavaud Centrifugal Cast Iron Pipe. 





Special Iron Castings for the Chemical Industry 


LYNCHBURG FOUNDRY COMPANY 


Peoples Gas Building GENERAL OFFICE - LYNCHBURG, VIRGINIA Empire State Building 
Chicago, Ill. New York, N. Y. 


Lil Willd 








y INTERNATIONAL 
FERRIC ‘UII INTERNATIONAL 


Equipment — of Every Type and Size 


CHLORIDE SOLUTION —for Every Requirement of 


— Modern Water Purification 


is easily and accurately Aerators 
Chemical Feeders 
= a d d ed to sewa ge Chemical Proportioners 
el b f Directional Flow Controllers 
w y means 0 Filter Plant Gauges 
ch Flow Indicators 
Fe Gravity & Pressure Filters 


: THE PHIPPS & BIRD gerne 
. oe SOLUTION FEEDER apr eoct= 


Recarbonating Equipment 
Rate of Flow Controllers 
Sampling Tables 


a There are no parts to corrode. Underdrain Systems 
* ‘ x - Venturi Tubes and Meters 
Write for complete information. Water Softeners 


The Infilco Equipped Water Purification Plant Centralizes 


d PHIPPS & , BIRD, INC. Equipment Responsibility and Assures Coordinated Results 


d International Filter Co. 
% | 5 E. Cary Street, S39 East Van Buren Street, Chicago 


Richmond, Virginia | 


Do you mention WATER WoRKs AND SEWERAGE? Please do. 










































Contractor to Federal, 


WE 
AN ENGINEERING SERVICE 


Aerial Mapping Since 1922 


ABRAMS AERIAL SURVEY CORP. 


State, County and Municipal Government Depts., 
Large Corporations—Private and Industrial Interests 


HAVE MAPPED FROM THE AIR 61 MUNICIPALITIES 

CONTINUED AERIAL SURVEY MAPS 

Highways, Transmission Lines, Pipe Lines, City Zoning and Tax Maps, Timber Cruises. 
Send for our Folder—‘‘The Third Dimension in Aerial Photography” 


“= Submit Projects for Contract Prices 


Lansing, Michigan 





Alvord, Burdick & 
Howson 


Engineers 

John W. Alvord, Charles B. 
Burdick, Louis R. Howson, 
Donald H. Maxwell. 

Water Works, Water Purifi- 
cation, Flood Relief, Sewer- 
age, Sewage Disposal, Drain- 
age, Appraisals, Power Gen- 
eration. 





Civic Opera Building, Chi- 
cago. 

C. M. Baker 
Consulting Engineer 
Specializing in Industrial 


Waste Utilization and Stream 
Pollution Problems. 
Investigations, Reports, Es- 
timates. 

2 So. Carroll St., 

Madison, Wis. 





Black & Veatch 


Consulting Engineers 
Sewerage, Sewage Disposal, 


Water Supply, ater Purifi- 
cation, lectric Lighting, 
Power Plants, Valuations, 
Special Investigations, Re- 


ports and Laboratory. 

E. B. Black, N. T. Veatch, 
Jr. 

Mutual Bidg., 

Kansas City, Mo. 





Burns & McDonnell 
Engineering Co. 
McDonnell-Smith-Baldwin- 
Lambert 
Consulting Engineers 

Waterworks Sewerage 
Lighting Appraisals 
Rate Investigations 
Kansas City, Mo., 107 W. 
Linwood Blvd. 

Western Pacific Bldg., 
Los Angeles, Cal. 
Dixie Terminal Bldg., 
Cincinnati, Ohio. 





The J. N. Chester Engrs. 


a? ory 
J. La Boon 


D. E. Davis 


J. T. Campbell 
E. B. Bankson 
Consulting Hydraulic, Sani- 
Tr and Valuation Engi- 
neer 
Clark Bldg., Pittsburgh, Pa. 


Chicago Testing Labora- 


tory, Inc. 
and affiliated 


Chicago Paving Laboratory, 
Inc. 

Consulting and Inspecting 
Engineers 

Hugh W. Skidmore 

Gene Abson 

Materials, Processes, Struc- 

tures, Consultation, Inspec- 

tion, Testing, Design, Re- 

search, Investigation and 

Experts in Litigation. 

536 Lake Shore Drive, 

Chicago. 





H. Burdett Cleveland 


Consulting Sanitary Engineer 
Water Supply and Purifica- 
tion, Sewerage and Sewage 
Disposal, Refuse Disposal, 
Treatment of Industrial 
Wastes, Design, Reports, 
Consultation, Investigation, 
Evaluation of Works, Super- 
vision of Construction. 

90 Wall St., 

New York City. 


Fuller & McClintock 

Engineers 

George W. Fuller 

F. G. Cunningham 

C. A. Emerson, Jr. 

Elmer G. Manahan 

W. Donaldson 

Ernest W. Whitlock 


H. K. Gatley 


Water Supply, Water Purifi- 


cation, Sewerage, Sewage 


Disposal, 
dustrial 


Wastes Problems, 


Valuations and Rate Investi- 


gations. 


New York, 11 Park Place 





Nicholas S. Hill, Jr. 


Consulting Engineer 
Water Supply, Sewage Dis- 


posal, Hydraulic Develop- 
ments, Reports, Investiga- 
tions, Valuations, Rates, 


Design, Construction, Opera- 
tion, Management, Chemical 
and Biological Laboratories. 
112 East 19th St., New York. 





H. O. Chute 


Chemical Engineer 

Stream Pollution and Trade 
Waste Problems Handled 
from the Standpoint of Re- 
covery of Products. irre 
ist in Multiple fect 
Evaporation. 

50 East 41st Street, 

New York City. 





A. W. Dow 


Chemical Engineer 
Consulting Paving Engineer 
A. W. Dow, Ph. B., Mem. 
Am. Inst. Ch. Engrs. 
Asphalt, Bitumens, Paving, 
Hydraulic Cement, Engineer- 
ing Materials. 

801 Second Avenue, 

New York City. 








Fowler, Charles Evan 


Consulting Civil Engineer 
M. I. Am. C. E. 
M. Eng. Inst., Can 
BRIDGES AND 


ARTISTIC 
STRUCTURES. 
FINANCING FOR GOOD 
PROJECTS. 
5 West 63rd St., New York. 





A. Elliott Kimberly 


Consulting Sanitary Engineer 


Water Supply, Water Puri- 
fication, Water Softening, 
Sewerage, Sewage Disposal, 
Sewage Treatment, Waste 
Treatment. Specialists in 
Milk and in Canning Waste 
Treatment. 

568 East Broad St., 
bus, Ohio. 


Colum- 





Morris Knowles, Inc. 


Engineers 

Water Supply and Purifica- 
tion, Sewerage and Sewage 
Disposal, Valuations, Labo- 
ratory, City Planning. 
Pittsburgh, Pa. 








Metcalf & Eddy 


Engineers 

Water, Sewage, Drainage, 
Refuse and Industrial Wastes 
Problems, Laboratory, Valu- 
ations. 

Statler Bldg., Boston. 


Garbage and In- 








Malcolm Pirnie 


Engineer 
Water Supply, Treatment, 
Sewerage Reports, Plans, 
Estimates. 


Supervision and Operation. 
Valuation and Rate 


25 W. 48rd St., ew Y 
N. ¥. = 





Potter, Alexander, C. E. 


Hydraulic Engineer and 
Sanitary Expert 
Sewerage and Sewage Dis- 
osal, Water Supply and 
urification. 
50 Church St., New York. 





Sheppard T. Powell 


Chemical Engineer 
Treatment of Water for In- 
dustrial Uses. 

Trade Waste Investigations 
and Correction. 

Technical Expert in Litiga- 


tions. 
330 N. Charles St., 
Baltimore, Maryland. 





Astrid S. Rosing, Inc. 


Sewer Pipe. 

Drain Tile. 

Steam and Electric Conduits. 
Building Tile. 

Fire Brick. 

2417 Orchard St., 

Chicago, Il. 





P. H. Taylor Audit Co. 


Municipal Accountants and 
Auditors 

Audits. 

Systems. 

Budget Preparation. 
Investigations. 


267 Highland Ave., Buffalo, 
| ae A 





P. S. Wilson 


Consultant in Sanitary and 
Hydraulic Engineering. 
Water Works Management. 
Glen Ridge, N. J 
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“ISCO” 
Ferric Chloride 


In the Filter Plant it is an effective and economi- 
cal coagulant. 

Ferric Chloride works fast—requires less mixing 
and settling time. 

In the Sewage Plant it is an aid to rapid sludge 
drying. Applied to crude sewage it will increase set- 


tling tank efficiencies and reduce loadings on 
sprinkling filters and other secondary units. 


Ferric Chioride treatment following sprinkling 
filters will produce a sparkling final effluent from 


humus tanks. vy sco” 
CHLORINATED LIME 


For sterilization of water supplies or swimming pools, 
and for chlorination at sewage plants, provides a safe, 
convenient treatment with less total chlorine required. 


“ISCO”, SERVICE 


We have a sanitary chemical engineering staff, experi- 
enced through wide contacts and successful installa- 
tions. May they contribute their experience and infor- 
mation to your problem? 


DISTRIBUTORS OF “CLIFF-CHAR” 
ACTIVATED CARBON 





Write for full particulars 


INNS, SCE(OEN SCO. 


117 Liseaty Stacer. few Yorn. 
Established 1816 























STEWART SEWER 
CLEANING MACHINE 


Water Cleaning System, if you wish it, 
or Drag Bucket type. 
WE WILL PAY FREIGHT AND CHARGE TO BILL. 
We Ship Rods for Trial—who else will do this? 


We also make a Rod that will float. Also rods with wheels 
for conduit work. 






Slip together sideways 
~~ ofongle ~--~. 
/ 


Pd 
/ ‘ 
‘ 
aS Zo 


anp conpuitr RODS 


No Deep Shoulder Cut for Couplings. Rods retain full size 
and strength. 


Investigate our JUMBO ROD 


W. H. STEWART LA sel 




















1614 Locust Street ° ° e ST. LOUIS, MO. 
129 George Street ‘ ° ° ‘ ° BOSTON, MASS. 
Box 581 e ° . ° ° JACKSONVILLE, FLA. 


CANADA FACTORY, WALKERVILLE, ONT. 
Therefore No Duty for Purchaser to Pay. 


PACIFIC COAST DELIVERIES MADE FROM SAN FRANCISCO 












STEWART FENCES 
PROTECT! 









LIVES and EQUIPMENT 





WATER 
WORKS 
PLANTS 


Proper Fencing keeps 
out uninvited tres- 
passers, fishermen 
and bathers — and 
takes an important 
step toward the 
elimination of water 
pollution. Stewart 
builds a Fence par- 
ticularly adaptable 
to water works 
plants. 


SEWERAGE 
DISPOSAL 
PLANTS 


Keep open tanks en- 
closed with Fence 
and minimize the 
danger of accidents 
thereby avoiding law 
suits. Learn the 
structural advan- 
tages of Stewart con- 
struction before de- 
ciding on any par- 
ticular Fence. 





Corner section of Stewart non-climbable Fence. Note 
bracing and trussing in both directions of strain. 


ry 





IRON 


Wiz: 


Eneas 


The STEWART IRON lasbeatas COMPANY, Inc. 


228 Stewart Block 


"= : Cincinnati, Ohio 

















SIMPLEX 


Venturi Type Meters 
Effluent Controllers 
Filtration Plant Gauges 


Water Works Specialties 


WRITE FOR 
BULLETINS 











SIMPLEX VALVE & METER CO. 


6743 Upland Street 
Philadelphia, Pa. 
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“WYCKOFF REDWOOD PIPE. 


Lasts long and saves money. This is our new type all clear California = 
Redwood Pipe of highest quality, free from all knots and sap, made of = 
special heavy construction. It has 14% greater carrying capacity. Does = 
not scale or pit. Is immune to frost and electrolysis. Is lighter and = 
more easily installed. Sizes 1” and up—Lengths maximum 12 ft. = 
Pressure to 172 Ibs. Used for supply lines, penstocks, sewage, chemical = 


lines, mines, fisheries and fume stocks. 


3 A. WYCKOFF & SON CO., Oifice & Faciory, 70 Home St., Elmira, N. Y. = 
= 1855 ORIGINATORS OF MACHINE-MADE WOOD PIPE 1934 = 
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Chlorine and Ammonia 


Control Apparatus 


The Filelor Company 
59th Street & Woodland Avenue, 











EDSON’S NEW HAND PUMP 


Smallest Diaphram Pump Made. 2” Suction 
4 Discharge. Capacity 1400 G.P.H. Weight 
8. 


THE EDSON CORP’N, 49 “D” Street 


So. Boston, Mass. 


NEW YORK: 142 as Pl, 7a 
CHICAGO: 3500 N . Long’ Ave. ve 


Catalog “‘T” Gives Full Data, Also Edson Hand or Power 
Pumps, Suction Hose and Pump Accessories 








Philadelphia, Pa. 





PATENTS AND TRADE MARKS 


Patent, protect and profit by your inventions. Expert 
personal service. Over 20 years’ experience. Addiess 


LESTER L. SARGENT 


Registered Patent Attorney 


1115 K Street, N. W. Washington, D. C. 











Filtration Oil. Bound Water Paint 


SAND --LINDEX 


—Powder Form— 

One coat covers Black. Not 
affected by fumes of Sulphur, 
Lime, Chlorine. 

Mines and Mills; TAMMS SILICA CO. 95 n. 1a salle 


Ottawa, Illinois Chicago St., Chicago 


Specification Grade 
Bulk or Bags 








Use LAMOTTE EQUIPMENT /or 
pH Control—Residual Chlorine Control 
Boiler Feed Water Control 


LAMOTTE CHEMICAL PRODUCTS CO. 
442 Light Street, Baltimore, Md. 








Complete Equipment For 


WATER PURIFICATION AND 
SEWAGE DISPOSAL PLANTS 


Dry Chemical Feeders 


E. W. BACHARACH & CO. 


Rialto Building Kansas City, Mo. 





= CLEARING HOUSE 
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TRANSITS FOR RENT 


| Guaranteed Rebuilt Transits and Levels 

- available for Rental (with purchase option) 
—or for Purchase, with Easy Payment Plan. 
Write for descriptive list WWS-85 and Rental 
Schedule. 


WARREN-KNIGHT CO. 
Mfrs. Sterling Surveying Instruments 
136 North 12th Street Philadelphia, Pa. 
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FOR SALE 


Two Heine Straight Tube, 210 H. P. 
Boilers, pressure 178 lbs., with green 
chain grate stokers, in good condition. 
= City Water, Light & Power Plant, 
= Rushville, Indiana. 
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STREET, SEWER AND WATER CASTINGS 


Made of wear-resisting chilled iron in various 
styles, sizes and weights. 


Write for Catalog and Prices 


SOUTH BEND FOUNDRY CO. 


All Kinds of Gray Iron Castings SOUTH BEND, INDIANA 














Copies of May, 1932, and March, 
1934, Water Works and Sewerage are 
needed. Any subscriber supplying one 
will have his subscription extended four 


months. 


WATER WORKS AND SEWERAGE 
Daily News Building, 
Chicago, Ill. 












Your Home When You Visit the 
WORLD'S FAIR 


—#« Every comfort ~ every fine hotel 


luxury awaits you at the newly 
modernized Auditorium Hotel. 
Unusually ¢ good food at low rates. 


ARTHUR J.NEWMAN 
Manager 


ROOMS WITHOUT 
PRIVATE BATH 


jor” Eades 
lytel, AUDITORIUM 


ROOMS WITH 
PRIVATE BATH 


00 






MICHIGAN or concRzESS CT HHI CA GO 


When writing to advertisers please mention WaTER WORKS AND SeweErRaAGE—Thank you. 
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Horizontal Sewage Pump 


Easily Accessible Suction and 
Case Cleanouts 


Capacities up to 10,000 G.P.M. 
Ask for Bulletin No. 429 


SEWAGE PUMPS 


Economy Sewage Pumps are built in a variety of types for 
any application. 


The wide range of sizes enables efficient selection to meet 
every operating condition. 


Economy Engineers will be glad to help you. 


ECONOMY PUMPING MACHINERY COMPANY 
3431 West 48th Place Chicago, Ill. 


Consult Telephone Directory for Representatives in Principal Cities 




















ONLY GLASS STANDARDS 
p are always ACCURATE 






tests. 








Noted authorities and all leading firms of 
AND the water supply field are using the Hellige 
CHLORINE non-fading, and, therefore, permanently reli- 
able, glass standards and handy Hellige 

CONTROL Comparators as they offer exclusive features 
and unequalled advantages. More than 500,- 
000 standards now in use. Approved and 
highly recommended. One apparatus for 
chlorine, pH control, and many other popular Write for Booklet 


Write today for detailed information. 


Nati I Water Main Cl aning Co. 
H E L LI G S, INC. \ MH \X A AN York 


179 EAST 87 STREET, NEW YORK,N.Y. U.S.A. 


“The Cleaning of Water Mains” 
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LOCAL WORK for MORE LOCAL WORKERS 
OCAL labor is not only used for the laying but also for the 


manufacturing of Lock Joint Pressure Pipe, thus greatly re- 
lieving the local unemployment problem. 


Lock Joint Pipe Co. Est. 1905. Ampere, N. J. 


LOUK JOINT 


REINFORCED CONCRETE PIPE 


PRESSURE ~ SEWER ~ CULVERT 





i ea with the 


©2299 MCNULTY 
TOGGLE - JOINT 
AUTOMATIC 
SEWER 

Continuously automatic, there 
is perfect control of any pre- 
determined flow in cubic feet 
per second. Being of the Flap 
Gate type, jamming or clogging 
is eliminated. Send for com- 
plete details today. 


THE ; 


MCNULTY 


- ENGINEERING CO. 
200 Old Colony Ave. 
TYPE “Cc” So. Boston, Massachusetts 


Dependable Control Guaranteed 






































ROBERTS 


FILTER MANUFACTURING CO. 
607 Columbia Ave., Darby, Penna. 
Manufacturers of Pressure and Gravity Type 


Water Filters and Specialties for Water Puri- 
fication and Sewage Treatment Plants. 


We contract for complete installation of me- 
chanical and hydraulic equipment in all forms 


USE 
MINERALEAD 


For Jointing Bell and Spigot 
Water Mains 


Easy handling, ingot form—Impervious to moisture—Absolute uniform- 

ity—Easy melting—Rapid pouring—No caulking—Less initial leakage 

—Bell holes unnecessary—A saving in cost of material and labor. 
Write for Catalog 





of Water Filtration Plants, Sewage Disposal THE ATLAS MINERAL PRODUCTS COMPANY 


Plants and Pumping Stations. 


Write us concerning your Sanitary Problems. 


of Pennsylvania 


MERTZTOWN PENNSYLVANIA 
Established 1892 
G-K Sewer Joint Compound 
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Are You Making Plans to Attend 
the A. W. W. A. Convention? 
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OUR membership in the A. W. W. A. 
YV win have its greatest value to you if 
you attend the 54th Annual Conven- 
tion to be held in New York City June 4th 


to 8th, 1934. 


At very few other meeting spots would 
it be possible to gather together such an 
outstanding group of leaders in the water 
works field. Eminent consulting engineers, 
outstanding operating superintendents, na- 
tionally known chemists, recognized author- 
ities on management, financing and every 
water works activity will be present here,— 
some of them men that it would be impos- 
sible to have present at other conventions 
as their work cannot spare them. 


The keenest co-operation of these men 
has been enlisted for this forthcoming con- 
vention. Their wealth of experience will 
be translated into terms of better water 
works practice that you can apply to your 
own particular job. Unofficial contact with 
them as they are present at the convention 
will give you an opportunity to question 
these authorities on problems that have been 
bothering you, and you, in turn, will have 
an opportunity to contribute your expe- 
riences for the benefit of all. 


Not only is the technical program of the 
convention to be one of the most instructive 
ever presented, but in New York you will 
have an opportunity to join in entertain- 
ment features to be found in few other 
cities. 


You can’t afford to stay away from New 
York City June 4th to 8th, 1934. 





Advertisers in This Issue 
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Shades Valley Sewage Treatment Plant 


VERSATILITY 





IN WINTER— 
Clarification and Separate Sludge Digestion 

Aerators IN SUMMER 
*Agitators—Mixers Chemical Precipitation, Clarification and 
*Clarifiers Digestion 
*Digesters The Shades Valley Plant, located in an exclusive residential 
Detritors district of Birmingham, Ala., was designed to operate with 

er six different variations in treatment to meet seasonal require- 
Distributors 


ments in the most economical way. 


*Flocculators 
This unique plant, designed under the supervision of H. H. — 


Hendon, County Sanitation Engineer, is equipped through- 
out with Dorr machines suitably arranged for adapting their 


*Screens—Bar 


*Sludge Pumps 


Thickeners functions to the particular treatment selected. R 
*Dorr Machines Installed in the Shades Let our engineers assist you in adapting Dorr 
Valley Plant Equipment to your requirements. ox. 





THE DORR COMPANY, INC. 


ENGINEERS @ 247 PARK AVENUE, NEW YORK 
DENVER CHICAGO LOS ANGELES TORONTO 


Dorr technical services and equipment are available from the following companies: 


HOLLAND: Dorr-Oliver N. V. The Hague ENGLAND: Dorr-Oliver Company Ltd., London GERMANY: Dorr-Oliver Geselischaft, m. b. H. Berlin 
FRANCE: Soc. Dorr-Oliver, Paris AUSTRALIA: Crossle & Duff Pty. Ltd., Melbourne JAPAN: Andrews & George Co. Inc., Tokyo 
SOUTH AFRICA: Edward L. Bateman Pty. Ltd., Johannesburg 
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DON'T PLAY i f 


HIDE AND SEEK WITH TROUBLE 


It's the unseen, unknown trouble that eventually 
develops into a serious difficulty. That's just as true of gr > 
chlorinators as it is of any other equipment. But— a 
there is no need of your playing hide and seek with 
trouble in W&T Visible Control Vacuum Chlorinators 
because the working parts are under the glass bell 


Fst 
rm 


jar— always in plain sight. 


That’s one reason why annual maintenance costs 


average less than 1%. ie 


Technical Publication 38 describes visible control 
chlorinators in detail. Ask for a copy. 


- q 
WALLACE & TIERNAN CO. N 


INCORPORATED J 
Manufacturers of Chlorine and Ammonia Control Apparatus Oi ©. 
si 


Newark, New Jersey Branches in Principal Cities 
Main Factory—Belleville, N. J. 


“The Only Safe Woter : Is A Sterilized Water’’ _— > 








